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ABSTRACT 
Habitat Selection by Large Wild Ungulates 
and Some Aspects of the Energy Flow 
in a Sub-tropical African Savanna Woodland Ecosystem 
by 
Stanley M. Hirst, Doctor of Philosophy 
Utah State University, 1973 
Major Professor: · Dr. Frederic H. Wagner 
Departrrent: �lildlife Science 
A study of habitat selection by large wild ungulates was carried 
out on a 50 cm 2 area in the sub-tropical Lowveld re0ion of eastern 
Transvaal province, South Africa. Estimations were made of herbaceous 
forage net productivity and ungulate secondary productivity on the same 
area. 
Fourteen vegetation types, varying in composition and structure 
from open savanna to dense woodland, were delineated by association 
analysis. Structural and vegetational characteristics which were con-
sidered to influence ungulate distribution were measured within each 
vegetation type. 
The study area supported resident populations of seven ungulate 
species during the wet season; drv season densities were higher due 
to population influxes from surrounding areas. Densities ranged from 
13 to 67 animals per km2, with impala making up from 40 to 70 percent
of the total population, wildebeest 10 to 40 percent, and lesser propor-
tions of giraffe, zebra, kudu, warthog and waterbuck. Savanna vegetation 
types supported total densities of upto 185 animals/km2 , \'lhile wooded
types supported fewer animals. 
Waterbuck were the most selective of the ungulates and concentrated 
mainly in the riparian woodland. Wildebeest, zebra and giraffe made 
variable use of savanna and open woodland types. l�arthog preferred 
savanna types and avoided woodland. Impala were less selective, and kudu 
showed no habitat preferences. Ungulate distribution was related to 
several habitat characteristics, and the key factors 1i1ere found to differ 
in each case. Each species had a unique combination of habitat character­
istics to which it responded in linear fashion, and this was considered 
to be the way in which ungulates avoided competition by achieving spatial 
separation. 
Herbaceous forage standing crops and net production were functions 
of vegetation composition, soil types, rainfall and extent of ungulate 
utilization. Standing crops ranged from 350 to 4104 kgs/ha air-dried 
forage. tfot primary production ranged from zero to 2719 kgs/ha; vege­
tation types on sandy soils did not produce in years with poor precipi­
tation. Ungulates consumed about one-fourth of the herbaceous net 
primary production during the wet season and more than four-fifths during 
the course of a full year. 
Ungulate biomass on the area averaged about 40 kg/ha during the wet 
season and 65 kg/ha in the dry season, but biomasses varied a great deal 
with vegetation type, ungulate population soecies coMposition and seasonal 
densities. Ungulate secondary oroduct ion varied correspondingly and 
ranged fro� 1.3 x 10-3 kcal/m2 per day to 4.8 x 10-3 kcals/m2 per day. 
Overall secondary production rate for the 2-year study period was 0.97 
kcals/nf per year, produced from a mean standing crop of 7.46 kcal/m2. 
(185 pages) 
INTR0DUCTIOtl 
The large tropical and sub-tropical savanna ecosystem which extends 
from Ethiopia and the southern Sudan down thP. eastern sirie of /\frica 
provides the homeland for the largest number and variety of ungulates 
in present-day Africa. Most of the ungulate fauna present today can 
be traced back to the Pleistocene and in some cases to the Pliocene 
(Cooke 1963, Ewer and Cooke 1964). Fossil, palynological and geologi-
cal evidence suggest that the appearance and disappearance of many 
forms was correlated \'lith the appearance and disappearance of major 
vegetation types such as desert, forest and savanna (Cooke op cit., 
Van Zinderen Bakker 1964). 
African savanna vegetation is markedly heterogeneous (e.g. Van der 
Schijff 1959, Tinley 1966, Grunow 1967). This has resulted from the 
operation of particular sequences of geomorphic processes on various 
geological material plus the accompanying biological development which 
varies with climate and degree of landscape development. The vegetation 
mosaic produced is thus a distinctive complex of habitats significant 
to the distribution and productivity of herbivorous species (Christian 1968). 
The ungulates exhibit a particularly heterogeneous distribution in 
the savanna ecosystem mainly because they display varying degrees of 
habitat preference. To date this has been shown to be the case in mixed 
woodland-grassland in Tanzania (Lamprey 1963, Harris 1972) and in Kenya 
(Ables and Ables 1969), for flood-plain grassland in the Rukwa Valley, 
Tanzania (Vesey-Fitzgerald 1960), for semi-arid East African grassland 
(Petri des 1956, Darling 1960, Grzimek and Grzimek 1960, Ta 1 bot and 
Talbot 1963a, Anderson and Talbot 1965, De Vos 1969, Field and Laws 1970) 
and for southern African savan,1a 1voodland (Pienaar 1963, Boughey 1963, 
Tinley 1966, Simpson and Cowie 1967). 
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Ungulate biomass supported by African savanna may reach consider-
able proportions (Petrides 1956, Bourliere and Verschuren 1960, Talbot 
et al. 1962, Talbot and Talbot 1963b, Petrides and Swank 1965), but 
because of the heterogeneity of the vegetation and the selectivity of 
the grazing and browsing ani~als, this biomass is not uniformly dis-
tributed. Plant standing-crop, animal standing-crop, plant primary 
productivity and ungulate secondary productivity vary widely from one 
habitat to another because of the divergent soil-plant-animal 
interactions. 
These facts all have considerable bearing on the management of 
the ungulate resource in the savanna. Scientific management of national 
parks, game reserves and similar wildland areas requires a knowledge of 
the factors involved in ungulate habitat selectivity so that the delicate 
animal-habitat relationship can be maintained and not disrupted by well-
meani ng but i 11-cons i de red measures such as fencing, provision of nevi 
\vateri ng-poi nts and the use of fire. Management of the ungulate resources 
for sustained production requires a knowledge of the energy flow charac-
teristics within each habitat (Petrides et al. 1968) which in turn 
depends on primary productivity and the degree of ungulate preference 
for each respective habitat. 
The complexity of savanna vegetation and the resultant comrylex 
ungulate-habitat relationships leave the researcher and the modern re-
source manager 11ith little option but to adopt matheriatical ~ statistical 
and computerized techniques to handle and analyze the large arrounts of 
3 
data. The use of systems models to simulate the natural situation (e.g. 
Watt 1966, Goodall 1969) is likely to provide the best insight into the 
prob 1 em. Hm,,ever, an enormous amount of research effort is required to 
implement such simulation. As a first and more economical aporoximation, 
regression models relating habitat factors to ungulate distribution can 
be employed (e.g. Harris 1972). Although they frequently yield empirical 
results, multiple regression techniques can indicate which habitat factors 
are responsible for a major portion of the variability in ungulate use and 
can provide some basic l1abitat functional relationships which can be used 
in a systems approach, once th·is bec0ries feasible. To some extent, these 
techniques can provide a prediction of how ungulates will react if certain 
key factors within their habitats are altered by management. 
The study described here was carried out in the sub-tropical savanna 
region of the eastern Transvall province, Republic of South Africa, an 
area know locally as "Lowveld". The objectives were: 
1. to delineate and map the important ungulate habitats within 
the study area; 
2. to measure the extent of ungulate preferences for each of 
these habitats; 
3. to determine the key factors within each habitat resoonsible 
for ungulate preferences and avoidance; 
4. to measure net primary and secondary production v1ithin 
each habitat; 
5. to measure the energy fl ow from each habitat to the 
various ungulate populations. 
Field work commenced in December 1965 and terminated in August 1968. 
Uata analysis was completed by October 1970. The portion of the study 
relating to productio~ and energy flow is a contribution to the South 
African effort in tile International Biological Program. 
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METHODS 
Selection of Study Area 
The general area selected for study was the Timbavati Private 
tlature Reserve which lies some 80 km below the eastern escarpment of 
southern Africa in the Transvaal Lowveld. Timbavati borders on the 
Kruger National Park (Fig. 1) and is approximately 540 km2 in extent. 
5 
Prior to 1961 large herds of wildebeest Connochaetes taurinus and 
zebra Eguus burchelli and smaller numbers of impala Aepyceros melampus 
(nomenclature fo 11 ows 1·1ees ter and Setzer 1971) and other ungulates moved 
from the Kruger Park east across Timbavati to traditional sumner range and 
returned before the onset of the dry season. In 1961 - 62 the western 
boundary of the tJational Park and the entire perimeter of Timbavati were 
fenced as a Foot-and-Mouth Disease preventive measure. Disruption of 
normal herd migration patterns plus severe drought led to heavy mortality 
amongst resident ungulates and deterioration of habitat. Better management 
of Timbavati necessitated a better knowledge of ungulate-habitat relation-
ships and of optimum sustainable densities within habitats. 
Ungulates now resident in Timbavati include imoala, the most abundant 
species, wildebeest, zebra, giraffe Giraffa camelopardalis, greater kudu 
Tragelaphus strepsiceros, waterbuck Kobus ellipsiprymnus and warthog 
Phacochoerus aethiopicus. Other ungulates present in smaller numbers, 
and less important as far as impact on the habitat is concerned, include 
grey duiker Sylvicapra grimmia, steenbok Raphicerus campestris, tsessebe 
Damaliscus lunatus, reedbuck Redunca arundinum, bushbuch Tragelaphus 
scriptus, buffalo Syncerus caffer, bushpig Potarnochoerus porcus, square-
lipped rhinoceros Ceratotherium sirnum and elephant _Loxodonta africana. 
Large carnivores are abundant, including lion Panthera leo, leopard 
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Figure 1. Location of Kempiana study area within Timbavati 
Nature Reserve. Inset indicates extent of southern 
savanna biome in South Africa and general location 
of study area in Transvaal Lowveld. 
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Panthera pardus, spotted hyaena Crocuta crocuta and black-backed jackal 
Canis mesornelas. Predators present in smaller numbers are cheetah 
Acinonyx jubatus and wild dog Lycaon pictus. 
The objectives of the study required habitat delineation on a 
fine scale, and to this end a smaller study area in the southern part of 
Timbavati was sought. The selected area included most of the farm Kempiana, 
a traditional dry-season range for large ungulates. It supported smaller 
populations in the wet months. The study area was 5,336 ha in extent and 
was bordered on the south by ti1e Timbavati River. 
The study v-,as 1 i mi ted to the seven roost abundant ungulate species, 
viz, impala, wildebeest, zebra, giraffe, kudu, waterbuck nnd warthog. 
Duiker and steenbok, although numerous, were excluded since their size 
and habits required different methods of study. 
Association Analysis of Vegetation 
Large-scale delineation of southern African savanna into vegetation 
types on a physiognomic basis is possible, and the distribution of ungu-
lates appears to coincide vlith the distribution of certain vegetation 
types on a broad level. However, physiognomy is a ooor criterion of 
differentiation when attempting delineation on a finer scale. Although 
there are important discontinuities in physical habitat and vegetative 
components which make delineation both feasible and ecologically valid 
(sensu Daubenmire 1966), detection of these on a subjective basis is 
difficult. 
Objective methods of vegetation classification, originated by Goodall 
(1953a) offer a practical solution to the problem of habitat delineation 
in areas with complex vegetation patterns. Normal association analysis 
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(Williams and Lambert 1959) is an objective approach, whereby vegetation 
sampling units of presence and absence data are divided objectively into 
increasingly more homogeneous groups. In European vegetation, the method 
has given substantially the same results as the traditional ZUrich-
Montpellier phytosociological methods (Ivimey-Cook and Proctor 1966) 
and substantially the same data interpretation as does ordination (Gittins 
1965). In the Transvaal bushveld, the communities delineated by associa-
tion analysis have been found to be largely coincident with soil types 
(Grunow 1967). Differentiation of homogeneous vegetation-soil units was 
important in the present study since vegetation characteristics could be 
measured in each type in the knowledge that variation within types would 
be greatly outweighed by variation between tyoes. 
The sampling method used in this study was that described by Grunow 
(1967). Sampling units were arranged systematically in a 300 m by 300 m 
grid over the whole Kempiana study area, excluding the Timbavati River Bed. 
The position of the sampling units was marked on l :20,000 scale aerial 
photographs1 carried in the field. Analysis of the data was carried out 
according to the method of Williams and Lambert (1960). The sites of the 
sampling units were relocated and examined in terms of the association 
analysis and the aerial photographs. Delimited units were accepted as 
practical if: 
l. they could be recognized easily on the basis of indicator 
or faithful species, physiognomy or edapho-topographic 
features; 
1Trigonometric Survey Office, Pretoria 
2. their appearance on the aerial photograohs was distinctive 
and uniform enough to permit accurate mapping of those 
parts not covered by the actual insoection; 
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3. separate patches of such habitat types covered areas of at 
least several hectares each (estimated subjectively). Certain 
units were found to occupy such small areas as to be of doubtful 
significance in influencing ungulate distribution. 
A habitat map was prepared from the aerial photographs, using a stereo-
scope to obtain additional contrast. Areas of communities were measured 
from the map with a planimeter. 
The characteristic species of each community were taken to be those 
positive- or negative-defining species shown up by the association analysis. 
An important consideration in the study was that habitats be instantly re-
cognizable in order to record animal-habitat associations. The character-
istic species in each habitat were never dominant and seldom prominent. As 
an aid to rapid identification, the fidelity of each species in each habitat 
was determined, the method used being that of Goodall (1953b) for estimating 
Indicator Values. Species with high Indicator Values (positive or negative) 
possessed a high degree of exclusiveness (positive or negative) for a parti-
cular habitat, compared with all other habitats in the study area. 
The hierarchial system resulting from association analysis indicates 
certain proximities of the units to each other, but since the method is 
monothetic and relies on frequency only, close community relationships 
may be marked (Gittins 1965). Another view of community relationships 
was obtained by comparing coefficients of dissimilarity between pairs of 
corrrnunities as computed according to the formula for taxonomic distance 
(Sokal and Sneath 1963). This coefficient gives equal weight to positive 
and negative attributes. Attributes used in this study were Relative 
Importance Values which were the summations of Relative Frequencies, 
Relative Densities and Relative Cover for each species within each 
community. 
Measurement of Habitat Characteristics 
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A number of habitat characteristics were measured within each of 
the delimited vegetation types (Table 1). These were determined sub-
jectively to factors which could account for ungulate preference or 
avoidance of a habitat by virtue of their relationship to specific vital 
functions such as feeding, drinking, thermoregulation and predator 
avoidance or they were structural features of the vegetation which may 
have been identifiable by the ungulate and used as key factors as is the 
case with birds (Kendeigh 1945, Klopfer 1969). Quantitative values were 
thus obtained for all the important structural and floristic features of 
the habitats. 
Woody species 
Tree and shrub density. The superiority of Havenga's Concentric 
Circle method in estimating tree and shrub density in bushveld savanna 
has been demonstrated by Van Eeden (1966). In applying the method to 
the Kempiana study area, sampling sites within each habitat were selected 
by random co-ordinates, and sampling units were located along randomly 
selected compass directions. Sampling units were from 50 to 100 m apart, 
depending on size of the habitat areas. Each sampling unit consisted of 
four concentric circles with radii of 1.2, 1.5, 4.8 and 6.0 meters re-
spectively. Cumulative totals of numbers of plants counted within the 
largest circle were computed after every ten samples, and a variation 
between consecutive mean number of plants per large circle of less than 
one percent taken as indicative of adequate sampling. No more than ten 
units were measured in any one sampling site. 
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Table 1. Habitat characteristics measured in each vegetation type 
on Kempiana study area. 
,. Genera 1 
2. Soil characteristics 
3. Woody species 
4. Herbaceous species 
+ measured monthly 
a. 
b. 
c. 
a. 
b. 
c. 
a. 
b. 
c. 
d. 
e. 
f. 
g. 
a. 
b. 
c. 
d. 
e. 
f. 
g. 
Proportion of total area covered+++ 
Availability of water+ 
Visibility within each habitat++ 
Percentage sand in Bo horizon!!! 
Percentage clay in Bo horizon 
Percentage stones in Bo horizon+++ 
Overall tree density+++ 
Overall shrub density+++ 
Density of 5 most favored giraffe 
browse species+++ 
Density of 5 most favored kudu and 
impala browse species+++ 
Shade cover 
i. for impala and warthog +++ 
ii. for wildebeest, zebra, waterbuck . 
and kudu +++ 
111. giraffe +++ 
Degree of clumping of woody plants+++ 
Species abundance+++ 
Overall herbaceous basal cover+++ 
Mean grass height++ 
Variability in grass height++ 
Standing crop biomass of grasses++ 
Standing crop biomass of forbs ++ 
Frequency occurrence of 10 most 
palatable grasses+++ 
Species Abundance+++ 
++ measured once during each of four climatic seasons 
+++ measured once during study period 
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Density of favored browse soecies. A good estimation of the true 
frequency occurrence of woody plants in woodland savanna can be obtained 
by recording the nth nearest individual to points spaced randomly or 
equidistantly along a sampling transect (Van Eeden op cit.), where n - 3. 
On Kempiana, random transects were sampled late in the dry season when 
browsing intensity was highest. The third nearest plant to the sampling 
point was recorded, and 200 trees and shrubs were examined in each habitat. 
Trees were classified arbitrarily as woody plants more than 1.8 m high, 
regardless of species. Evidence of browsing above the 1.8 m level was 
assumed due to giraffe, below this level due to kudu and impala. The 
distinction was arbitrary, but high-level browse was abundant and giraffe 
were rarely seen to feed below this level. Data from these transects 
were combined with density estimates to provide estimates of densities 
of palatable woody plants fo r forage and for impala and kudu. Additional 
data were obtained from direct observations of browsing activity. 
Shade cover. This was measured along the wheel-point transects 
(see later). A simple periscope-type instrument (Emlen 1967) was used 
at each sample point. Shade cover was categorized as: 
1. canopy at least 75 cm above ground level and entry 
available for impala and warthog; 
2. canopy at least 1.2 m above ground level and entry 
possible for wildebeest, zebra, kudu and waterbuck; 
3. canopy at least 5 m above ground level - suitable 
for giraffe. 
Five hundred measurements were made in each habitat. 
Degree of clumping of woody plants. The quotient, variance/mean, 
computed from the concentric circle data, was used as an index of 
clumping, following the Poisson distribution. 
Standing-crop and production of woody species. Original study 
design called for the estimation of woody plant standing crop by a 
method similar to that used by Pearson (1966). The very large number 
of woody species present on Kempiana, plus the many growth forms and 
age classes provided insurmountable obstacles to quantitative sampling 
and this portion was omitted from the study. 
Herbaceous species 
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Herbaceous basal cover. This was measured by the method of Tidmarsh 
and Havenga (1955), using one wheel in place of the described two. Five 
hundred points were measured along random transect lines in each habitat, 
not more than 100· points were sampled in any one habitat block. Strikes 
were recorded on basal portions of herbaceous plants, on bare ground, 
ground covered by litter and shaded by herbaceous vegetation. The second 
nearest plant to each strike was identified and recorded, providing an 
estimation of the frequency occurrence of grasses and forbs. 
Grass and forb height. Measurements of grass height were made 
during forage biomass sampling. The height of the herbaceous vegetation 
in the center of each clip-plot was measured to the nearest centimeter. 
The coefficient of variation provided an index of variability for grass 
and forb height. 
Abundance parameters of favored grasses and forbs. Whereas density 
was the parameter measured for favored woody plants, this parameter was 
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considered a questionable one for favored grasses and forbs, since 
individual herbaceous plants differ considerably in size. Biomass and 
frequen~ of occurrence were considered to be more valid. Biomass was 
measured by harvesting, as described later. Frequency was measured during 
wheel-point sampling. Grasses and forbs examined were categorized as 
grazed or ungrazed, although it was not possible to determine which ungulate 
was responsible. During strip-censusing, grazing ungulates were observed 
through binoculars and, when time permitted, the feeding site was examined 
and eaten plants identified. 
Above-ground standing-crop and production of herbaceous forage. In 
the Lowveld, primary production by grasses and forbs ceases by about May 
due to temperature drop and sharp decline in soil moisture, and recommences 
in mid-September in normal years following the first spring rains. Occasion-
al light showers fall in June and/or July, but the only plant on Kempiana 
noted to respond was ColTITIE!lina benghalensis. 
Sampling of herbaceous biomass was conveniently carried out twice 
each year in May, just prior to the winter ungulate influx, and in August 
before the spring rains and the departure of the migrant herds. Three 
samplings were made at the ends of dry seasons and two after wet seasons. 
Sampling units were spaced at 100 m intervals along randomly selected 
compass lines through each habitat. Each circular sample-plot covered an 
2 2 area of 0.45 m (4.84 ft). Grasses and forbs were clipped to ground level, 
and the vegetation in every fifth plot was separated by species. Ground 
litter was also collected; sticks and twigs were excluded, but leaf litter 
was included. Forage samples were removed to the laboratory and oven-
dried at 70° C for 24 hours. Higher drying temperatures were avoided be-
cause of the weight loss due to aromatic volatilization (A.J. Pienaar, 
personal conmunication). Dried samples were weighed immediately on 
removal from the oven. 
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Fifty plots per habitat were clipped each time, not more than ten 
in any one contiguous block of habitat. Variances were high, but reduc-
tion to a finer level would have necessitated at least double the sample 
number which was impractical in terms of time and effort. 
To estimate production in the absence of grazing and to estimate 
amounts of forage removed by grazing, by litter formation and by consumption 
by other herbivores, half-acre game-proof exclosures were erected in 
September-October 1967 in typical locations in each habitat. With fre-
quent repairing, exclosures protected the areas against ungulate grazing, 
but permitted free entry to small manmals, birds and insects. Necessary 
assumptions were that the latter herbivores would remove as much vegetation 
within the exclosure as without, and that the same amounts of litter were 
added per unit area inside and outside the exclosures. Tv,1enty-five plots 
were sampled from each exclosure at the same time the exposed habitat was 
sampled. In two vegetation types, uneven terrain, steep banks and hard 
soil precluded the use of large exclosures, and 25 conical grazing-proof 
cages were set up at random points tn each habitat. After harvesting the 
forage, cages were moved to new locations to prevent microclimatic effects. 
Cages precluded grazing by small manmals and game birds but allowed entry 
to termites and insects. 
Since exclosures were not available in the 1966/67 season, ungrazed 
standing-crops and litter biomass were estimated using the highly signi-
ficant correlations existing between grazed and ungrazed forage on one 
hand and litter biomass in grazed and protected areas on the other. Values 
for known parameters in 1966/67 fell within the range of variation for 
1967/68, permitting the use of predictive coefficients derived from 
the latter data. 
Samples taken in August 1967 and May 1968 were dried, weighed, 
pooled by habitat and ground in a cutter mill. Compressed samples from 
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each pool were burned in a ballistic bomb calorimeter to estimate gross 
energy content . Ten samples were initially burned, these were reduced to 
three when expertise and stable laboratory conditions reduced variability 
in results. Results from the ballistic bomb calorimeter were checked 
against results from the same samples burned in an adiabatic bomb calori-
meter1. Results differed by less than two percent. 
Soil characteristics 
On superficial examination, soils appeared fairly uniform within 
each vegetation type. One representative site in each ~pe was selected 
and al by 2.5 m pit dug down to bedrock. Soil profiles were examined 
and described. Samples were taken and analyzed2 by standard methods for 
pH, resistance, color, physical composition and carbon and nitrogen 
content. Water infiltration rates in unsaturated soil during the wet 
roonths were measured by the method used by Burns (1952). 
Available water 
During the wetter months of the rainy season, water was present in 
numerous pans in the clay and clay-loam soils, in surface pools in the 
1Animal Husbandry and Dairy Research Institute, Irene, 
Pretoria. 
2soil Research Institute, Department of Agricultural Technical 
Services, Pretoria. 
Timbavati River and from two large earth dams. Dry-season supplies 
were limited to a few river pools and the earth dams. 
Water availability was categorized on a three-point scale, viz. 
water available in most parts of a habitat, available in limited areas 
only, and no water available. Habitats were rated monthly for water 
availability. 
Principal Components Analysis of Habitat Characteristics 
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The initial study design called for the estimation of ungulate 
densities in each vegetation type, and then multiple regression analyses 
of these densities on the various quantitative values obtained for the 
vegetative and physical characteristics of each habitat. The objective 
was to determine the degree of correlation between ungulate densities 
and such habitat characteristics and possibly to determine some causal 
effects in ungulate distribution. 
In practice it was found that the distribution of the various vege-
tative components was largely determined by the same topo-edaphic features, 
and thus many of the habitat characteristics measured were strongly correlated. 
This made any attempts at explanation of ungulate distribution simply on 
the basis of these characteristics very difficult . However, since the 
characteristics could be viewed as ecological entities arranged in a 
hyperdimensional space, and since quantitative values were available in 
each case, summarization could be achieved by projection of the points 
into a space with fewer dimensions. The method chosen was principal 
components analysis (Hotelling 1933, cited by nrloci 1966) which has given 
satisfactory results when applied to complex ecological data (Orloci op. cit., 
Greig-Smith et al. 1967). An advantage of special note in this case 
is the fact that principal components are orthogonal, and so can be 
used to good advantage in a regression analysis provided they can be 
identified as representing valid ecological gradients. 
A principal components analysis was carried out on a data matrix 
made up of the quantitative values obtained for each of the 25 habitat 
characteristics measured. Since these characteristics were measured 
in a variety of units, the respective values were first standardized 
as recommended by Pielou (1969) before being subjected to further 
analysis. As many components as possible were then identified in terms 
of meaningful ecological gradients by examining the positions of the 
various habitat types along each of the gradients and by examining the 
relative magnitudes of the eigenvalues. 
Measurement of Ungulate Habitat Preferences 
and Population Parameters 
Road-strip sampling 
Since Kempiana contains an extensive network of primitive roads 
and motor trails, sampling of ungulate populations was based on a 
road-strip sampling technique (Hirst 1969a). A transect route was 
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selected which covered every section of the study area; temporary trails 
were cut into those areas not already provided with such. The same route 
was used throughout the study period, and was traversed in the opposite 
direction during alternate counts. Transect counts were either commenced 
in the mornings approximately one half-hour after sunrise, or in the after-
noon when they were timed to end shortly before sunset. The method of 
determining width of effective strip covered was that described by Hirst 
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(1969a), and strip widths were computed for each habitat type for 
each of the four climatic seasons, since grass height and amount of 
leaf on woody vegetation varied seasonally and affected the visibility. 
Length of transect through each habitat was measured with a bicycle 
fitted with a wheel revolution counter and with a known wheel perimeter. 
On the possibility that nocturnal distribution differed signifi-
cantly from day distribution, several spotlighting transects were run 
at night. The strip covered was a fraction of that seen in daylight 
and accurate counting was not possible. Frequencies of encounter with 
groups or solitary individuals were recorded. Night transects 1-1ere 
run in the dry rronths only since ungulate numbers in the wet months 
were too low for adequate night sampling. 
Ungulate population sampling 
Ungulates observed from the road transect were counted and classified 
by species, age and sex . Adult, subadult and juvenile age-classes were 
distinguished. In the seasonal breeders, the term 11juvenile 11 refers 
to young of the year and 11subadult 11 to young of the previous year . Sexing 
subadult wildebeest, zebra and warthog was often difficult and uncertain, 
and for the purpose of this study only subadult impala, waterbuck, kudu 
and giraffe were sexed. 
The habitat which each ungulate or group of ungulates was occupying 
was recorded. Their activities within the habitat were categorized as 
fo 11 ows: 
. 1. feeding - where at least some of the animals observed 
were seen to graze or browse within a one-minute period 
of observation; 
2. drinking - animals actually seen drinking or else 
standing within 10 m of water. The latter criterion 
was included since ungulates are easily discouraged 
from drinking by even the distant presence of an 
observer; 
3. moving - animals actively engaged in moving from one 
location to another, and not simply loitering; 
4. loafing - animals doing none of the above. 
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The distinction between these categories was not always clearcut 
since in many cases ungulates would be engaged in two or more simultane-
ously, particularly if in a group. A degree of subjectivity was involved 
in deciding on the most important activity as far as the use of the 
habitat was concerned. The grazers, i.e. impala, wildebeest, zebra and 
waterbuck, were only observed to graze actively during the early morning 
and late evening hours. At other times of the day they were usually 
observed to loaf in the shade or in the vicinity of a waterhole. Fre-
quently some members of a herd were seen feeding while others in the same 
herd were loafing. Such activity was categorized as "feeding/loafing" but 
for the purposes of habitat-use analysis it was regarded as feeding. When 
animals were obviously disturbed in their activity before being observed, 
the activity was "not recorded". 
Some degree of interspecific association was evident amongst the 
ungulates on Kempiana. This association varied from an "active" form, 
where one species appeared to seek out the company of another, to a 
II passive'' form brought about by circumstance. An example of the former 
type was where a lone wildebeest bull remained in close company with 
a herd of impala or zebra; the latter was frequently seen when ungulates 
were aggregated around a dry-season waterhole. Two or more species 
were regarded as being actively associated when they were in visual 
contact, not at a waterhole, and their proximity such that each species 
would react simultaneously to a common stimulus, e.g. approach of a 
vehicle. Such proximity rarely exceeded 100 min the denser woodland 
habitats but could exceed 300 min the open treeless areas. 
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When animals were seen feeding, attempts were made to identify the 
food plants in question . In the case of browsers, this presented little 
di ffi cul ty . In the case of grazers , the area where they were feeding was 
examined if this could be carried out within a few minutes. The length 
of the transect and the resultant time taken to complete a census pre-
cluded spending much time on searching for eaten grasses and forbs. 
Weather conditions 
Certain weather conditions were measured each time a transect was 
run. Although weather conditions presumably would not cause a particular 
form of habitat selection, they might be expected to exert some influence. 
In a regression and correlation analysis of ungulate-habitat relation-
ships, such weather variables would form covariance factors. 
Time. Although not strictly a 11weather variable 11 , time of day 
was included as a complex variable affecting ungulate distribution and 
behavior by virtue of correlation with temperature, humidity and light 
intensity. Time was measured as the midpoint between time of commence-
ment and time of termination of each transect run. 
Mean wind speed. Wind speed was recorded on the Beaufort scale and 
was estimated subjectively by observing leaf motion, movement of dust, 
etc. The index record_ed was that which prevailed during most of the 
time when the transect was being run. Transient changes or sudden spells 
of gusting were ignored here but included in the following variable. 
Degree of wind gusting. This was measured on a qualitative 
scale, viz. 
0 - no gusting 
- occasional or slight gusting 
2 - frequent or severe gusting. 
Mean cloud cover. The proportion of sky covered by cloud was 
estimated. Cloud conditions could change considerably during the 
course of transect sampling, and the mean of the maximum and minimum 
cloud covers observed was computed and used in later analyses. 
Ambient temperature. This was measured at the start and at the 
end of each transect with a standard mercury thermometer situated in an 
open shaded spot 1.5 m above ground level. 
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Relative humidity. This factor was also measured at the start and end 
of each transect, using a wet and dry bulb therroometer placed in an open 
shaded spot 1.5 m above ground level. 
Precipitation. A standard rain-gauge was set up at the south-
western corner of the study area and rainfall records kept during the 
course of the study, but such precipitation records were unsuitable for 
use in habitat-use analysis. 
Precipitation and rooisture conditions prevailing during the course 
of transect sampling were measured on a 4-point scale, viz. 
O - dry, no rain and no trace of dew 
light dew during the early morning and late evening; 
dry during the day 
2 - heavy dew in early morning, persisting dew in late 
morning 
3 - raining or drizzling, continuously or intermittently. 
Determination of habitat preferences 
If ungulates display no preference for any particular habitat, 
then their distribution over a selected area containing these habitats 
should be approximately random. This supposition might be violated if 
the ungulates in question show a high degree of aggregation. On Kempiana, 
impala tended to congregate in large herds, especially in the dry season. 
Other ungulates were distributed singly or in small herds, rarely numbering 
more than 30. Larger aggregations were sometimes encountered around dry-
season waterholes. Ungulates are highly mobile and so even aggregated 
herds might be expected to display a random distribution if a series of 
samples is taken and if they have no particular habitat preferences. It 
follows that any degree of habitat selection will be shown up as a 
deviation from random distribution, and this can be tested by standard 
statistical procedures such as Chi-square. 
The following procedure was followed for each of the transects and 
for each ungulate species. From the strip-census figures, the density 
of ungulates in each of the habitats was computed (= the estimated 
density). From this the total number of ungulates in each habitat was 
calculated. The sum of these gave the total number of ungulates on 
Kempiana. This figure was divided by the area of each habitat to give 
the expected density, should random distribution over habitats hold 
true. Chi-square values were computed by comparing estimated densities 
to expected (random) densities. The quotient of the estimated density 
for each habitat and the estimated density for the whole study area pro-
vided a measure of selectivity. Quotients varied from Oto 00 and were 
transformed by an arctan transformation (David W. Goodall, personal 
corm,unication) to vary from +l to -1. A positive index indicated pre-
ference, a negative one avoidance, and one close to zero indicated that 
the habitat was occupied by virtue of random occurrence. 
Estimation of energy flow through ungulate populations 
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The requirements for estimation of energy flow through large animal 
populations are listed by Milner (1967). In this study, accurate collec-
tion of urine and excreta was not feasible and so digestibility of forage 
and metabolizable energy were determined by indirect procedures. 
Numbers of ungulates 
Numbers of animals of each age and sex class occupying the various 
habitats, estimated from the road-strip transects, were averaged for each 
of the months from September 1966 through August 1968. This procedure 
reduced the variability encountered between censuses made within the 
same roonth and simplified computations of ungulate standing-crop and 
production . 
Weights and growth of ungulates 
Only impala were shot in appreciable numbers in Timbavati, and as 
many weights as possible were recorded on a portable spring scale (E. A. 
Whitfield, personal communication). Impala dead weights were also obtained 
from Hans Merensky Nature Reserve, situated in similar terrain some 90 km 
north of Timbavati, and from Loskop Dam Nature Reserve situated in sour 
mixed bushveld 320 km to the west (Transvaal Nature Conservation Division 
records). Weights from these areas were found to be 10-20 percent lower 
than Timbavati weights, probably because of superior nutrition in the 
latter reserve, and were not used in this study. Timbavati impala weights 
were found to be comparable to those quoted by Hitchins (1966) for the 
Natal Lowveld. Weights of impala lambs between birth and four \'leeks 
were given by Van Zyl (1963). 
Weights of other ungulates were not available from Timbavati. 
Where data from nearby areas were available, these were used in the 
construction of age-weight curves. In many cases the only data avail-
able were for ungulates in Central and East African savanna, and some 
birth weights were obtained from zoological garden records . 
Wildebeest weights were obtained from Transvaal Nature Conservation 
Division files, Hitchens (op cit.), Sachs (1967) and Wilson (1968). 
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Zebra weights were quoted in Divisional files, King (1965), Sachs (op cit.) 
and Wackernagel (1965). Giraffe live weights were given by Pournelle 
(1955), Gijzen (1958), Savoy (1966), Wilson (op cit.); waterbuck weights 
by Sachs (op cit.) and Wilson (op cit.) and warthog weights by FrMdrich 
(1966), Sachs (op cit.) and Wilson (op cit.). 
For each of the seven species, and for each sex when male and female 
weights were found to differ significantly, a growth curve relating 
weight to age was constructed. In some cases the growth curves for 
animals from different localities differed noticeably and the curve 
relating to animals in habitats closest to those in Timbavati was taken 
as a basis. Since only three or four reference points were available in 
most cases, mean growth curves were fitted according to the Von Bertalanffy 
growth equations (Von Bertalanffy 1938, cited by Beverton and Holt 1957). 
From these curves a mean weight per age-class was estimated. In 
the case of impala, wildebeest and warthog which have distinct lambing, 
calving or farrowing seasons, it was possible to assign a mean weight 
for each calendar month. In the case of the others a mean weight per 
age class was estimated, regardless of month. Mean weight of the adult 
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classes in all species was taken as the asy~ptotic level on the curve 
adjusted to allow for the fact that an estimated 20 percent of the 
classified adult age class were in fact subadults older than 2 years which 
had not reached full adult size . From the growth curves the weight in-
crement per roonth for each of the species and respective age-classes was 
estimated . This assumed that growth was relatively constant throughout 
the year. Since forage was abundant on Kempiana during the study period, 
and Lowveld forage is known to maintain energy and nutritive content 
during the dry season, there was little reason to doubt the assumption. 
Weight increments computed for adult females included the weight of the 
foetus . Data on the calorific content of whole tissues tend to vary 
over a fairly wide range. Gorecki (1965) found the energy value of 
whole small mammals to vary between 1. 3 and 1.7 kcals/gm, with an inter-
specific mean of 1. 5 kcals/gm. Galley (1960) advocates a value of 1.4 
kcals/gm for whole rodents. Ledger (1968) used a formula to estimate 
the calorific content of muscle tissue in several species of East African 
wild ungulate and found it to vary from 0.93 to l .49 kcals/gm. The best 
data thus far available for ungulate tissues are those of Kroon et al 
(1972), who measured calorific content of various tissues from blesbok 
Damaliscus dorcas males on South African grasslands where. nutrient content 
of herbage diminishes aporeciably in the dry season. They advocated mean 
values of 1.25 kcals/gm for animals in poor condition and 1.65 kcals/gm 
for animals in good bodily condition. A figure of 1.4 kcals/gm was used 
as the best approximation in the present study. 
Energy intake by ungulates 
Aroounts of forage ingested within each habitat were estimated for 
the two wet seasons and two dry seasons occurring within the period 
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Septeni>er 1966 to August 1968 by the difference method already described. 
There was no way of directly determining how much of the removed forage 
had been ingested by each of the separate ungulate populations. Total 
forage removed was apportioned out to each ungulate population according 
to the energy metabolized by each population, since energy intake is 
proportional to energy expended in metabolism (Blaxter 1962). 
Since digestibility determination of ingested forage by standard 
animal feeding trials was impractical, an in vitro technique (Raymond 
and Terry 1966) was used. Paired samples of milled grasses and forbs 
were selected from the pooled samples of forage clipped in May and in 
August 1967. Rumen liquor was obtained from slaughtered range Afrikander 
steers. Digestibilities were determined for harvested grasses and forbs 
on a per habitat basis. , Ungulates tended to feed on a wi de variety of 
grasses within respective habitats and the great majority of grasses on 
the study area were palatable. 
Metabolic energy requirements 
In the context of this study, metabolic energy requirements refer 
to the amount of energy expended by each of the several populations in 
their normal daily activities. The approach used in estimating this 
was the one most frequently employed in population energetics studies, 
viz. estimating the energy expenditure of each of the various age classes 
and then extrapolating this to the entire population. 
As a first approximation, the basal energy expenditure was estimated. 
Basal metabolism of a large number of homeotherms approximates 70.5 
kcals/kgo. 73 (Brody 1945), but Kleiber's (1965) approximation of 70 
kcals/kg 314 is used more often. Silver et al. (1959) and Maloiy et al. 
(1968), using direct calorimetry, have found Kleiber's value to be 
accurate for white-tailed deer Odocoileus virginianus and for European 
red deer Cervus elaphus respectively. Rogerson (1968), using a 
respiratory chamber, measured a some-what higher value for wildebeest 
(95.1 kcals/kg 3/ 4) and for eland Taurotragus oryx (101.4 kcals/kg 314). 
Actual energy requirements in the field may exceed the basal 
metabolism by factors ranging from 2 to 10, depending on species and 
degree of activity, reproduction and thermoregulation. Very little data 
exist for wild ungulates. Based on Brody's estimations for domestic 
ungulates, Lamprey (1964) and Buechner and Galley (1967) used a factor 
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of 3 to convert basal metabolism to actual field expenditure for East 
African wild ungulates. Based on data given by Du Plessis (1972), I 
calculated the metabolic expenditure of blesbok Damaliscus dorcas, confined 
in a metabolism cage, to be 2.7 times the basal expenditure; this included 
the costs of feeding, drinking, thermoregulation and minimal activity. 
Similar data for blesbok in a large unshaded enclosure and in approximate 
neutral energy balance gave an average expenditure of 2.9 times the basal 
figure. Energy expenditure of a wild population in savanna includes the 
costs of reproduction and growth; this may be offset to a certain extent 
by reduced energy expenditure on thermoregulation in a well-shaded environ-
ment. Energy expended on occasional running, fighting and predator 
avoidance is considered to be minimal in relation to energy used in 
normal daily activities. A factor of 3 is apparently a realistic 
approximation in estimating total energy expenditure on a population 
basis. 
Multiple Regression and Correlation Techniques 
and Application to Study 
A natural corrmunity or group of communities can be regarded as a 
rrultivariate complex with the distribution of any specific organism 
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therein being a function of the distribution of one or more biotic 
or physical co1T1T1unity factors. Animals which exhibit a heterogeneous 
distribution over a given area are responding qualitatively and quan-
titatively to habitat factors which relate directly or indirectly to 
their well-being and survival. Certain of these factors may be so 
important that a relationship between them and the animal's distribution 
obviously exists. African woodland savanna is floristically, edaphically 
and structurally complex, and animal-habitat relationships may not be 
easily discernible. Multiple regression using a digital computer offers 
a possible means of measuring the relative importance of a large number 
of habitat factors in collectively and individually determining the 
distribution of ungulates over a heterogeneous area. 
In applying the technique to the Kempiana data, the estimated 
density of each ungulate species within each of the habitats at any one 
transect time was taken as one observation of the dependent variable. 
There was thus a total of (number of transects) x (number of habitats) 
observations for each species. The independent variables in each case 
were the principal components derived from the quantitative and quali-
tative values measured for the various habitat characteristics. Many 
characteristics remained constant for each habitat for the entire study 
period, e.g. tree and shrub densities. Other factors changed relatively 
slowly and were measured once during each of the successive seasons, 
e.g. grass and forb biomass. Water availability was measured once per 
month. 
Some environmental factors were expected to influence ungulate 
distribution within any one habitat, e.g. temperature and humidity. Other 
possible influential factors include the sex and age composition of the 
populations and the activities of the ungulates. Each of these was 
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determined for each habitat for each transect and regarded as a 
covariance as an independent variable. Where the covariance analysis 
indicated significant differences in the mean densities per habitat even 
after adjustment of means for significant covariance variables, a multiple 
regression analysis of adjusted ungulate densities on the principal 
components of each habitat was carried out. 
Ungulate densities in each habitat were not normally distributed 
and so were subjected to a square-root transformation (v'X+T) (Steel 
and Torrie 1960) before being entered into the multiple regression 
computations. Since the principal components used as independent 
variables were orthogonal, it was possible to avoid compromises in 
selecting a best regression model (Draper and SMith 1966), and the 
first ten extracted principal components, which together accounted for 
98 percent of the total variability in the original habitat data, were 
entered into a multiple regression computation. Functional relationships 
between the dependent variable and each principal component were determined 
graphically, and second-degree polynomials used where relationships were 
obviously non-linear. Significance of variables was determined by the 
usual partial F-tests, and the best regression model selected from the 
significant terms. 
THE STUDY AREA 
Physiography and Topography 
The Transvaal Lowveld occupies the southern extremity of the 
great African southern savanna biome, at an altitude of 200 to 600 m 
asl. The area presents an intricate mosaic of gently elevated ridges 
and flat plains intersected by dry water-courses, eroded gullies and 
few permanent-flowing rivers. The Kempiana study area, at an altitude 
of 400 m asl was bordered on the south by the Timbavati River, which 
flows only during peak rains; at other times it provides scattered sur-
face pools and sub-surface water at varying depths depending on soil 
depth, drainage and time of year. Granite inselbergs are common in 
many parts of the Lowveld, but are absent from Kempiana. 
Climate 
The climate is typically sub-tropical, hot and moderately humid 
in su1TJT1er, warm and dry in winter. At Skukuza, situated in similar 
terrain some 60 km south of Kempiana, the mean daily maximum was 12.5° 
(Fig. 2) (South African Weather Bureau, official records). 
Rainfall is variable and totals between 380 and 635 nm annually. 
The wet season in most years extends from October through April (Fig. 3). 
Total rainfall for the 1966/67 and 1967/68 study periods was 516 rrm and 
288 mm respectively, each being lower than the 13-year mean of 566 mm 
recorded at Kingfisherspruit in the Kruger National Park some 30 krn 
east of Kempiana. 
Geology and Soils 
The geology and soils of the Lowveld have not as yet been subjected 
to any detailed investigation. Numerous geologic formations cross the 
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Figure 2. Monthly mean maximum and minimum ambient temperatures 
recorded at Skukuza weather station 60 km south of 
Kempiana for period 1907 - 1950. No official 
temperature recording station on study area. 
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Figure 3. Monthly precipitation measured on Kempiana study 
area 1966/67 and 1967/68, and mean monthly precipi-
tation measured at Kingfisherspruit weather station 
30 km east of Kempiana over period 1956 - 1968. 
whole area; the study area lay over an acidic residual accumulation of 
Archaean granite (van der Merwe 1962). Soils generally are classified 
as non-differentiated brown and reddish-brown semi-arid soils (D'Hoore 
1964), but van der Merwe (1954) has pointed out that soils may differ 
markedly in the region despite homogeneous base material because of 
topographic and vegetational effects on pedogenesis. 
From inspection pits and eroded surfaces, I found soils on the 
slightly elevated ridges to be shallow, sandy, acidic and poor in 
organic material. Those on the flat wooded plains are alkaline or 
weakly acidic, considerably deeper and have a higher organic matter 
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and a higher clay content in the subsurface layers. Many of the ridges 
are bordered by a distinctive boundary zone where the light-grey acidic 
sands overlie the alkaline brown clay loams of the plains. Alluvial dark 
grey-brown clay loams occur frequently in the drainages between adjacent 
ridges . Most of the water-courses have eroded banks exposing acidic 
sandy loams overlying dark grey-brown basic clays . Topo-edaphic gradients 
and variations are colTITion. 
Extensions from a dolorite dyke which transects the Archaean granite 
in a north-south direction appear in the north-eastern and south-western 
corners of Kempiana. The dolerite parent rock has given rise to shallow 
black sandy loams which are overlaid by heavy basic clays and which support 
a distinctive thorn-scrub colTITiunity. 
The Timbavati River bed and the beds of the larger .tributaries 
consist of deep, neutral, coarse sand which supports scattered pure 
stands of the common reed Phragmites co1TJTiunis. Water infiltration rates 
in the soils of the area are given in Table 2. 
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Table 2. Mean water infiltration rates measured in typical soils in 
each vegetation type, Kempiana study area; rates expressed 
as cm3 water/cm2 surface area per min.~ 95% confidence limits. 
CM - 0.69 + 0.10 
CMTT - 0.48 + 0. 14 
DA - 0.37 + 0.10 
DACV - 0.41 + 0.10 
OATS - 0.16 + 0.06 
PS - 0.72 + 0. 10 
PSAG - 0.34 + 0.04 
CA - 0.28 + 0.06 
CAAG - 0.37 + 0.10 
ED - 0.32 + 0.12 
EDAN - 0.26 + 0.04 
TT - 0.29 + 0.06 
TTEC - 2.60 + 0.24 
PHRG - 65.0 + 1.46 
Vegetation 
Floristics 
A full taxonomic list of plant species encountered on Kempiana 
appears in Appendices l and 2. Of the 289 species listed, 183 met the 
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requirements for efficient use of the Association Analysis technique viz. 
that the plants had to be perennials and that they had to occur in more 
than five sampling units. (H. H. van Broembsen, personal communication). 
Vegetation types 
Association Analysis of Kempiana's vegetation resulted in the 
hierarchial separation of 32 associations (Figure 4). Subdivision of 
groups of sampling units was continued so long as N=30. The level of 
division termination appeared adequate as most final divisions occurred 
at maximum chi-square levels (Williams and Lambert 1959) between 10 
and 20. This was an adequate level of homogeneity in view of the results 
obtained with Association Analysis in other southern African savanna areas 
(Grunow 1967). After consideration of factors relating to mapping of 
co111T1unity types, recognition in the field, areas and pattern of distri-
bution of types and relation to topo-edaphic factors, the 32 subdivisions 
were regrouped into 14 vegetation types. The reed-bed community in the 
Timbavati River and its major tributaries, which was not included in the 
sampling because of its highly distinctive character, was added as the 
fourteenth vegetation type. 
The vegetation types occurring on the sandy granitic ridges could 
not easily be distinguished from each other and formed a complicated 
rrosaic; they were thus grouped into two types which were separated at 
a maximum x2 value of 47.2. Association no. 18 was found to be an 
integral part of the ridge co111T1unity. 
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Figure 4. Association Analysis hierarchy of Kempiana vegetation based on 
559 sampling units; division terminated at N 10. Coding at 
bottom indicates grouping of associations into vegetation types 
used in habitat study. 
Several of the final 32 associations were recognizable as such 
in the field. The remainder vJere formed by grouping closely related 
associations to form identifiable biogeocoenoses. Table 3 lists the 
14 vegetation types of Kempiana together with their positive- and 
negative-defining species . Constancy was not a good characteristic 
by which to identify habitats, since mainly common species appeared 
as constants (Table 4). A relatively large nunt>er of species were 
found to have a narrow ecological amplitude as shown by high Indices 
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of Fidelity (Table 5). Many of the faithful species were not conspicuous 
or dominant species, and many of them were forbs. 
The vegetation types form a complicated mosaic, but some are 
correlated with major topographic features such as ridges, alluvial beds 
between ridges, dry washes, larger water-courses and extensive flats 
(Fig. 5). The ridge conTnunity (type CM) is most prominent in size of 
individual blocks and total area covered (Table 6). Other fairly large 
blocks are formed by the riparian woodland (PS) and the grassland types 
(TT). Other types tend to be dispersed and to form small blocks - these 
are mainly related to the distribution of alluvial soils or ecotonal 
soil types. 
Coefficients of dissimilarity (= "taxonomic distances") (Table 7) 
were generally in the higher levels, indicating that communities were 
well-distinguished from each other. The two most closely related were 
the gallery forest along the river banks (type PS) and the evergreen 
woodland along the smaller water-courses (type ED). The conTnunities 
furthest from each other were the same gallery forest and the heavily-
tuilized short grass/forbland (type OATS). Ordination in multi-dimensional 
planes (e.g. van der Maarel 1970) would probably have revealed more about 
Table 3. Identification of vegetation types on Kempiana with 
respective defining species. 
Cornnun i ty 
CMTT 
CM 
OATS 
DACV 
DA 
PSAG 
PS 
CAAG 
CA 
EDAN 
ED 
Positive-defining 
Species 
Comb return co 11 i num 
Therneda triandra 
Combretum collinum 
Dactyloctenium aegyptium 
Chloris virgata 
Trianthema salsoloides 
Dactyloctenium aegyptium 
Chloris virgata 
Dactyloctenium aegyptium 
Pogonarthri a squarrosa 
Pogonarthria squarrosa 
Combretum apiculatum 
Acacia gerrardii 
Combretum apiculatum 
Euclea divinorum 
Acacia nigrescens 
Euclea divinorum 
Negative-defining 
Species 
Themeda triandra 
Combretum collinum 
Trianthema salsoloides 
Combretum collinum 
Chloris virgata 
Trianthema salsoloides 
Combretum collinum 
Dactyloctenium aegyptium 
Combretum collinum 
Acacia gerrardii 
Dactyloctenium aegyrtium 
Combretum collinum 
Pogonarthria squarrosa 
Dactyloctenium aegyptium 
Combretum collinum 
Acacia gerrardii 
Pogonarthria squarrosa 
Dactyloctenium aegyptium 
Combretum collinum 
Combretum apiculatum 
Pogonarthria squarrosa 
Dactyloctenium aegyptium 
Combretum collinum 
Acacia nigrescens 
Combretum apiculatum 
Pogonarthria squarrosa 
Dactyl octeni ·um aegypti um 
Combretum collinum 
Table 3. Continued. 
Community 
Code 
TTEC 
TT 
PHRG 
Positive-defining 
Species 
Themeda triandra 
Eragrostis chloromelas 
Themeda triandra 
Phragmites australis 
Negative-defining 
Species 
Euclea divinorum 
Combretum apiculatum 
Pogonarthria squarrosa 
Dactyloctenium aegyptium 
Combretum collinum 
Eragrostis chloromelas 
Euclea divinorum 
Combretum apiculatum 
Pogonarthria squarrosa 
Dactylocteium aegyptium 
Combretum collinum 
Themeda triandra 
Euclea divinorum 
Combretum apiculatum 
Pogonarthria squarrosa 
Dactyloctenium aegyptium 
Combretum collinum 
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Table 4. Constancy of most important woody, graminaceous and forb species in each vegetation tyoe on Kempiana study area. 
Values of 60% and over shown only, except in case of vegetation type PHRG (reed-bed community). 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN TT TTEC PHRG 
\food,t seeci es 
Euclea divinorum 100.0 100.0 
Combretum collinum 100.0 100.0 
Combretum apiculatum 60.8 100.0 100.0 
Acacia gerrardii 61. 1 100.0 100.0 
Acacia nigrescens 100.0 85.7 
Albizzia harvevi 62.8 91.2 76.9 73. 1 73. 1 66.7 
Ormocarpum trichocarpum 61. l 70.8 66.7 93.3 
Corroretum hereroense 73.3 81. 4
Dalbergia melanoxylon 85.7 
Maytenus heterophylla 66.7 
Terminalia sericea 72.4 
Graminaceous seecies 
Dactyloctenium aegyptium 100.0 100.0 100.0 
Eragrotstis chloromelas 100.0 
Therneda tri andra 100.0 66.7 100.0 100.0 
Pogonarthria squarrosa 65.7 100.0 100.0 
Chloris virgata 70.2 100.0 
Aristida congesta 69.4 75.0 93.3 
Digitaria smutsii 53.6 63.9 
Panicum maximum 84.5 75.7 13--;-2 
Tragus berteronianus 88.5 79. l
Urochloa mossambicensis 61. 5 81.4 
Aristida barbicollis 55.8 74.4 
Aristida curvata 70.3 
Phragmites communis 15.4 
Forb s12ecies 
Trianthema salsoloides 100.0 
Table 5. Fidelity of most important woody, graminaceous and forb species in each vegetation type on Kempiana. Values shown 
are Indicator Values computed according to Goodall (1953b). 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN TT TTEC PHRG 
~Joody species 
Comb re tum co 11 i num 29.34 21.92 
Strychnos pungens 7. 11 
Combretum zeyheri 5.6l 
Carissa bispinosa 21. 29 14.54 
Fagara capensis 7 •. 81 
Rhus guenz ii 5.29 
Asparagus falcatus 15. 37 
Commiphora africana 4.81 
Cassine aethiopica 4.64 
Fagara humilis 22.30 
Acacia welwitschii 77 .86 ,, 
Graminaceous species 
Perotis patens 8 .• 65 
Trichoneura grandiglumis 7. 9,7 
Dactyloctenium aegyptium 8 .. 48 
Enteropogon macrostachys 5. 72 
Eriochloa borumensis 19.00 
Bothriochloa glabra 35.27 
Fingerhuthia sesleriaeformis 35.27 -8,77 
Bothriochloa insculpta 5.59 
Themeda triandra 3.00 
Eragrostis chloromelas 112. 90 
Sehima gal pini i 31.47 
Phragmites australis 34.40 
Table 5. Continued. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN n TTEC PHRG 
Herbaceous s~ecies 
Cassia absus 6.27 
Coccinia rehmanni 21. 29 
Monsonia angustifolia 4.92 
Trianthema salsoloides 60.00 0 Hypertelis salsoloides 1.4.47 
Acalypha indica 
-8.43 -15.00 -13.09 
Aptosimum indivisum 14-.48 
Phyllanthus parvula 5.40 
Amaranthus thunbergi 
-13.09 
Gossypium herbaceum 60.00 
Caralluma rogersii 19.50 
Dicliptera clinopodia 
- 7.83 22.30 
Cyphostemma simulans 35 .. 00 
Polyfala sphenoptera 4.45 
Vernonia fastigiata 2:2. 30 
Evolvolus alsinoides 40.31 
Sed~ 
Cyperus sexangul aris 21. 29 -15.00 
Figure 5. 
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Distribution of 14 vegetation types on 5,336 ha 
Kempiana study area. 
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Table 6. Areas covered by respective vegetation types on Kempiana 
Cornmu- Physiognomy 
nity 
CM broadleaved semi-deciduous woodland 
C�ITT mixed semi-deciduous and thorn tall­
grass woodland 
DA wooded short- and tall-grass savanna 
DACV wooded short-grass savanna 
OATS sparsely wooded grass/forbland 
PS gallery forest 
PSAG sparsely-wooded grassland 
CA mixed semi-deciduous and thorn wood­
land 
CAAG wooded tall-grassland 
ED evergreen woodland 
EDAN mixed thorn and evergreen woodland 
TT savanna grassland 
TTEC tussock grassland with thorn-scrub 
thickets 
PHRG reed-clumps in river beds 
Total 
Actual 
area in 
ha 
2166 
480 
304 
592 
69 
299 
107 
107 
187 
91 
422 
224 
171 
117 
5336 
Relative 
area per­
cent 
40.6 
9.0 
5.7 
11 . l 
,. 3 
5.6 
2.0 
2.0 
3.5 
1. 7
7.9 
4.2 
3.2 
2.2 
100.0 
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Table 7. Coefficients of dissimilarity (= "taxonomic distances ") between each pair of communities of Kempiana study area. 
CM CMTT DA DACV OATS PA PSAG CA CMG ED EDAN TT TTEC PHRG 
CM 0.0 
CMTT 88.0 0.0 
DA 120.4 94.9 0.0 
DACV 116.4 152.5 87. l 0.0 
OATS 168.3 160.8 150.0 125. l 0.0 
PS 100. l 93.9 114. 2 166. l 179. 9 0.0 
PSAG 82.4 66.3 111. 9 153.7 153. 5 112. 5 0.0 
CA 105.4 70.0 109.3 154. 5 164.8 104.9 91. 3 0.0 
CMG 93. l 66.4 102.6 134. 5 132. 6 84. l 78.3 77. 1 0.0 
ED 105.6 97.9 112. 0 161.3 175. 9 38. l 118.8 109.6 85.9 0.0 
EDAN l 01. 0 74. 1 105.2 150.2 155. 2 86.2 93. 7 79.0 63.6 85.0 0.0 
n 96.7 71. l 106.5 136. 7 136. 5 193.9 86.7 90 . 1 56.8 97. 8 81.9 0.0 
TTEC 134.8 121. 0 140.6 168.5 155.9 143.4 126. 9 126.0 115.3 140.6 121. 6 114. 5 0.0 
PHRG 115 .1 85.7 111. 7 158.8 165. 5 l 01. 8 106.9 108.4 94.1 96.3 96.9 95. 1 130.6 0.0 
inter-community relationships, but would have added little of direct 
value to the present study, and so was not attempted. 
Structure of ungulate habitats 
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The 14 delineated vegetation types on Kempiana were fairly widely 
divergent in floristic, edaphic and structural composition (Tables 2 to 12), 
and each comprised a unique combination of habitat fetaures. Several of 
these characteristics were significantly correlated with others (Table 13) 
because of mutual ecological interdependence and similar dependence on 
edaphic and topographic features. 
A principal components analysis revealed that all variation in the 
original 25 by 25 matrix could be accounted for by 12 principal axes. 
Although methods have been developed for testing the significance of the 
n-th extracted component, these require that the parent distribution be
n-variate normal (Pielou 1969) which is seldom true. Since response by
ungulates to the ecological gradients represented by these components was 
the key factor in determining importance, the first 10 components (co­
vering 98 percent of the total variance) were entered into multiple 
regression analyses for each of those ungulates where differences in 
density within habitats were demonstrated. Although 34 percent of total 
variance was covered by the first principal component, 52 percent by the 
first two together, and as much as 65 percent by the first three together, 
it was found that some ungulates showed significant responses up to the 
tenth extracted primary component. 
Identification of each ecological gradient represented by the 
significant principal components represented a crucial stage in the 
analytical process. Examination of the relative magnitudes of the 
eigenvectors, the size of respective components and the functional re-
Table 8. Densities of woody plants (numbers/ha) in respective 
vegetation types, Kempiana study area. 
Vegetation type 
CM 
CMTT 
DA 
DACV 
Tree density 
917 
356 
200 
227 
Shrub density 
1048 
1312 
1240 
1300 
OATS 91 586 
PS 830 1512 
PSAG 509 726 
CA 793 1591 -----------------------------
CAAG 914 2118 
ED 1102 2266 
EDAN 615 2278 
TT 138 1631 -----------------------------
TTEC 42 3361 
PHRG <l O 
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Table 9. Amounts of shade cover (percent of total surface covered) 
provided by each vegetation type. 
Vegetation type Percent Shade Cover For 
giraffe medium small 
ungulates ungulates 
CM 0.25 1.23 2. 01 
CMTT 0. 21 1. 17 1.83 
DA 0.23 1.03 1. 72 
DACV 0. 12 0.39 0.56 
OATS 0.01 0.02 0.04 
PS 0.64 3.55 4.62 
PSAG 0. 12 1. 12 1. 76
CA 0. 12 0. 1?. 1. 76
CAAG 0 .15 0.80 1. 52
ED 0.47 2.56 4.83
EDAN 0.54 0.94 1. 73
TT 0.01 0.11 0.18
TTEC 0.01 0. 11 0.54
PHRG 0.00 0.01 0.05
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Table 10. Degree of clumping of woody plants in each vegetation type 
on Kempiana study area, as indicated by variance/mean 
ratio for quadrat density data (ratio of 1 indicates 
random distribution). 
Vegetation type Variance/ Vegetation type Variance/ 
mean ratio mean ratio 
CM 9.98 CA 7. 16
CMTT 9.50 CAAG 8.05
DA 1. 18 ED 5.05
DACV 9.70 EDAN 21 .02 
OATS 4.95 TT 6.51 
PS 7.20 TTEC 12. 19
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PSAG 5.90 PHRG 3.00 (approx.)
Table 11. Herbaceous basal cover measured in each vegetation type 
on Kempiana study area. 
Vegetation type Basal cover Vegetation type Basal cover 
percent percent 
CM 12.0 CA 8.4 
CMTT 8.7 CAAG 10.2 
DA 7.0 ED 7.4 
DACV 14. 0 EDAN 7.6 
OATS 7. 1 TT 10.0 
PS 7.6 TTEC 8.6 
PSAG 8.2 PHRG 6.0 
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Table 12. Mean grass height (cm) and variability in grass height 
Vegetation 
type 
CM 
CMTT 
DA 
DACV 
OATS 
PS 
PSAG 
CA 
CAAG 
ED 
EDAN 
TT 
TTEC 
PHRG 
(= coefficient of variation) measured in each vegetation 
type on Kempiana during four seasons. 
May 1967 August 1967 May 1968 August 1968 
Ht. c.v Ht. c.v. Ht. c.v. Ht. c. v.
37 0.59 33 0.54 39 0.44 34 0. 77
37 0.59 33 0.54 39 0.44 34 0. 77 
23 0. 81 22 0.75 16 0. 77 15 ,. 77 
23 0.89 10 0.62 9 0.64 7 0.62 
13 l. 50 5 0.11 6 0.68 6 1. 17 
45 0.69 37 0.61 48 0.69 38 0.69 
35 0.57 13 0. 77 25 0.63 14 0.98 
27 0.68 17 0.54 14 0.67 16 0.66 
30 0. 71 80 0. 51 32 0.59 18 0.85 
30 l.04 18 0.61 21 0.67 16 0.70 
12 0.81 17 0.79 14 0.81 14 0.81 
43 0.69 29 0.79 35 0.53 32 0.60 
29 0.67 29 0. 77 28 0.66 32 0. 72 
Mean ht about 2.25 m and C.V. about 0.5 (estimated). 
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Table 13. Linear correlation coefficients (n-14) between various structural features of vegetation types on Kempiana; 
+ = sig. at 5% level, ++ = sig. at 1% level. 
,. Shrub density 
2. Tree density 
3. Shade cover 
giraffe 
4. Shade cover 
medium ung. 
5. Shade cover 
smal 1 ung. 
6. Imapal/kudu 
brm·1se abundance 
7. Giraffe browse 
abundance 
8. Incidence of 
deciduous woody 
plants 
9. Debree of 
woody plant 
clumping 
10. Clay percent 
of soi 1 
11. Sand percent of 
soil 
2 3 4 
* 
* + ++ 
++ * ++ 
++ ++ * 
++ ++ ++ 
+ 
+ 
+ 
Structural feature (same number code as at left) 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
+ + + + ++ + 
++ + 
++ 0 + ++ 
++ ++ ++ 
* 
* + + 
+ * + + 
* ++ + 
* 
* ++ 
++ * 
22 23 24 25 
++ 
+ 
+ ++ 
+ 
Table 13. Continued 
Structural feature (same number code as at left) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
12. Stone percent 
of soil + * 13. Rate of water 
infiltration 
into son ++ * ++ ++ ++ 14. Herbaceous basal 
cover + * + + 15. Exposed bare 
soil + + * + + + 16. Soil cove red 
by veg. or 
litter + * + + + 17. Preferred 
grasses 
abundance + + ++ ++ * ++ + 
--------------------------------------------------------------------
18. Wet season 
forage 
biomass + + + * ++ ++ + 19. Dry season 
forage biomass ++ + + ++ * ++ 
20. Wet season 
1 itter biomass + + + ++ ++ ++ * ++ 21. Ory season 
1 itter biomass ++ ++ + ++ ++ + ++ * ++ 
u, 
u, 
Table 13. Continued 
Structural feature (same number code as at left) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
22. Mean grass 
height + ++ ++ + 
23. Variation in 
grass height ++ 
24. \~oody species 
diversity ++ + + ++ + ++ + * 
25. Gramenaceous 
& herbaceous 
diversity ++ 
,, 
lationship between ungulate density and these components in comparison 
to functional relationships with the original habitat variables, per-
mitted identification of the first ten principal components as detailed 
in Table 14. The recognition of no less than ten generally dissimilar 
ecological gradients within the vegetation of a five thousand hectare 
area testifies to the heterogeneity of the natural Lowveld vegetation, 
and perhaps offers a clue as to the wide animal species variation found 
in these areas. 
As the principal components extracted progressively from the 
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matrix offered diminishing contributions to total variance, so the 
corresponding ecological gradients appeared to represent progressively 
finer differences in the vegetation. The first axis (Table 14) represented 
the gross difference between 'non-vegetated' habitats (the bare river-bed) 
and 'vegetated' habitats (all the rest). The second clearly reoresented 
a gradient from woodland types, coinciding with acidic sandy loams, on 
one hand to parkland savanna with few large trees on the other. The 
third component was recognizable as representing both grass height and 
evenness in height, and the fourth as being indicative of the varying 
proportions of evergreen sclerophyllous woody species and decidlX>us woody 
species in the vegetation. The fifth component brought the cumulative 
explanation of total variance to 83 percent and represented the shrub 
component. Subsequent extracted components contributed only an additional 
15 percent to total variance and proved more difficult to evalute in 
ecological terms; they would have been discarded but for the fact that 
they were shown to be related significantly to ungulate distribution. 
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Table 14. Main ecological gradients in vegetation on Kempiana as 
represented by principal components analysis of vegetative 
structural features. 
Component 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Cumulative 
Prop. of total 
variance 
0.34 
0.52 
0.65 
0.75 
0.83 
0.88 
0.92 
0.95 
0.97 
0.98 
Ecological gradient 
Generally little vege-
tation and bare sub-
strate (river-beds) 
Woodland vegetation on 
sandy soils 
Tall ·grass habitats, 
even height, soil 
covered 
Evergreen habitats on 
various soil types 
Open habitats, clear 
of shrub understory 
Habitats with denser 
woody components, 
smaller trees 
Dense grass and basal 
cover 
~foody component pror.ii -
nent 
Sandy substrate 
High tree density 
Abundant vegetation 
with dense tree, 
shrub and grass 
1 ayers 
Savanna vegetation 
on cl ay so i1 s 
Short grass, hetero-
generous, bare 
patches of soi 1 
Deciduous habitats 
on stony soil 
Habitats with dense 
clumped shrub under-
story 
Habitats with tall 
trees, clumped woody 
elements 
Herbal synusia more 
prominent 
Grass component 
prominent 
Clay substrate 
Low tree density 
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UNGULATE POPULATIONS 
Seasonal Fluctuations 
Kempiana has served as a wintering area for large number of imapla, 
wildebeest, zebra and giraffe for at least the past 40 years (H. 0. 
Hoheisen, personal communication). This is due to the presence of the 
Timbavati River and the long-established dams which provide water during 
the dry winters. The area's value as a wintering range for game herds 
has increased since the perimeter fencing of the Timbavati Private Nature 
Reserve. 
All the important ungulate species, with the possible exception 
of waterbuck, appear to have two population groups - a small sedentary 
and a larger seasonal one. The degree of interchange between the two 
groups remains to be ascertained. The mean monthly total numbers of un-
gulates occupying Kempiana display a cyclic pattern (Fig. 6) and this is 
seen also in the case of the individual species (Figs. 7 to 13). It is 
most evident in the case of wildebeest, zebra, waterbuck and warthog. 
There is a highly significant correlation between the monthly population 
fluctuations of each of the seven species as shown by the Kendall Coeffi-
cient of Concordance (Siegel 1956) (Coefficient of Concordahce = 0.29, 
x2 with 20 d.f. - 40.6, 0.001 <p<0.01). 
~Jil debees t and zebra are known to move to the northern and central 
portions of Timbavati in spring in response to the first rains, which 
may fall any time bet\-1een September and November, and to return to 
Kempiana by about April, possibly in response to a dron in ambient 
temperatures (Hirst 1969b). There is a particularly strong correlation 
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Figure 6. Mean monthly numbers of seven ungulate species on Kempiana 
study area as estimated from road-strip censuses. 
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Figure 7. Mean monthly numbers of impala on Kempiana study area 
as estimated from road-strip censuses. 
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Figure 8. Mean monthly numbers of wildebeest on Kempiana study 
area as estimated from road-strip censuses. 
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Figure 10. Mean monthly numbers of giraffe on Kempiana study 
area as estimated from road-strip censuses. 
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Figure 12. Mean monthly numbers of waterbuck on Kempiana study 
area as estimated from road-strip censuses. 
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Figure 13. Mean monthly numbers of warthog on Kempiana study 
area as estimated from road-strip censuses. 
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between the monthly fluctuations of 1-1ildebeest and zebra populations 
on Kempiana, as indicated by the Spearman Rank Correlation Coefficient 
(= 0.61, p < 0.01) (Seigel op cit.). 
Impala, giraffe and warthog are found south and west as well as 
north of Kempiana in the spring and summer and fluctuations in their 
numbers appear to be a result of alternating dispersal and aggregation 
in response to fluctuations in surface water supplies. The waterbuck 
population appears to be a resident one only, and mainly occupies the 
riparian gallery forest along the Timbavati River (type PS) and the 
adjacent tall- and short-grass savanna areas (type DA). Because of the 
relatively small population and the fact that they resided mainly along 
the southern boundary of the study area, and therefore moved in and out 
of the area at frequent intervals, their census figures tend to be 
erratic. However, a cyclic pattern in numbers is evident. Five of the 
species attained their maximum density during one of the dry-season 
months and their minimum in a wet-season month. Waterbuck numbers were 
lowest in spring and reached a high by late summer and early fall. Warthog 
numbers were more erratic and the lowest and highest densities were measured 
in the Februaries of consecutive years, perhaps indicating an actual total 
population change. 
The lowest total number of ungulates recorded was 675 (12.7 animals/ 
km2) in August 1968. With the exception of one month only, impala were 
always the most abundant ungulates on Kempiana (Fig. 14). Their relative 
proportions varied from 38.7 to 75.6 percent of the total ungulate popu-
lation. Wildebeest and zebra populations fluctuated too, but the relative 
proportions of the other less abundant species tended to remain more 
constant. Mainly as a result of the changes fn relative proportions of 
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Figure 14. Percentage proportions of ungulates occupying 
Kempiana study area over two-year study period. 
69 
impala, wildebeest and zebra, the species composition of the Kempiana 
ungulate population varied considerably from month to rronth during the 
study period. 
Distribution of Ungulates on Study Area 
Mean monthly ungulate densities in each of the 14 vegetation types 
varied widely from one type to another and from one month to another 
within the same type (Table 15). Variation was especially noticeable 
in habitats such as the river reedbeds {type PHRG) where ungulates 
gathered for short periods for specific purposes, such as drinking. 
The mean monthly densities for each respective species within each 
vegetation type shows more clearly the heterogeneous and often disjunct 
distribution of ungulates over the area. Impala (Table 16), wildebeest 
(Table 17), giraffe (Table 18) and kudu (Table 19) are distributed over 
rrost of the area although densities within vegetation types differ 
considerably . Some habitats appear to be completely avoided at times; 
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the dense thickets of thorn scrub on the dolerite dyke (type TTEC) are 
good examples. When considering the heterogeneity of distribution and 
particularly the absence of a species in a certain plant corrrnunity, the 
size of the respective population must be borne in mind, since the smaller 
the population, the lower is the sampling efficiency attained during the 
strip censusing . This is particularly true for kudu, waterbuck and wart-
hog. Zebra (Table 20), warthog (Table 21) and especially waterbuck 
(Table 22) show disjunct types of distribution. 
Densities of animals are useful in determining distributions 
and habitat preferences, but are less important than biomass in estimating 
the extent of ungulate impact on habitats. Total and specific biomasses 
supported by each vegetation type are presented in a succeeding section. 
Table 15. Mean ungulate densities (numbers per km2) measured in each of 14 vegetation types on Kempiana over a 2-year period 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN TT TTEC PHRG 
Sept 66 17 16 58 36 68 199 22 26 24 7 74 25 8 226 
Oct 66 12 14 37 47 185 22 4 12 19 -- 58 31 3 
Nov 66 17 1 29 23 130 19 26 62 45 24 54 27 32 10 
Dec 66 16 7 46 51 85 18 22 32 16 9 101 30 69 
Jan 67 33 1 29 97 82 14 7 36 18 77 134 34 
Feb 67 28 
--
4 15 88 -- -- 36 164 30 1~3 5 
Mar 67 5 25 3 29 8 17 5 32 0 1 17 24 32 
Apri 1 67 1 -- 4 73 42 82 10 113 55 13 66 134 20 105 
May 67 4 3 27 39 81 52 30 79 1 324 121 45 111 5 
June 67 35 29 61 59 69 24 58 101 42 263 131 48 
July 67 26 15 57 61 61 37 94 61 58 19 108 31 59 8 
Aug 67 No censuses made 
Sept 67 22 14 21 34 41 170 78 88 67 46 55 39 4 89 
Oct 67 20 42 39 19 107 151 22 -- 44 78 59 22 
Nov 67 31 -- -- 29 16 44 34 74 39 30 53 32 56 92 
Dec 67 No censuses made 
Jan No censuses made 
Feb 68 21 15 60 49 100 16 7 82 12 39 44 11 39 
Mar 68 5 3 32 85 107 8 1 176 4 20 22 8 10 44 
April 68 38 39 63 52 79 59 150 33 14 11 41 22 115 
May 68 21 68 80 35 90 36 50 52 34 126 107 72 -- 15 
June 68 52 23 8 144 42 41 15 167 22 80 25 1 
July 68 52 40 31 43 56 57 83 52 85 267 68 3 53 21 
Aug 68 68 10 100 45 58 86 93 72 86 114 70 22 6 331 
'.J 
Table 16. Mean densities of impala (ani mals/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED 
Sept 66 4 0 45 20 40 168 2 2 14 4 
Oct 66 8 0 24 36 169 4 3 2 13 0 
Nov 66 13 0 21 11 110 9 21 40 29 21 
Dec 66 13 0 37 42 78 9 21 7 13 3 
Jan 67 27 1 27 27 39 1 7 90 13 31 
Feb 67 25 0 2 4 39 0 0 24 0 39 
Mar 67 4 7 1 14 16 3 0 19 1 15 April 67 4 0 2 44 26 62 3 59 55 2 
May 67 0 2 0 19 29 5 13 65 0 276 
June 67 28 22 20 41 56 3 12 34 19 249 July 67 15 6 42 31 4 18 25 42 40 12 Aug 67 No censuses made 
Sept 67 6 0 43 17 4 120 147 71 37 15 
Oct 67 15 42 8 2 66 121 () 0 31 78 
Nov 67 19 0 26 18 0 31 25 23 24 15 
Dec 67 No censuses made 
Jan 68 No censuses made . 
Feb 68 9 3 53 17 76 11 2 66 3 37 
Mar 68 2 3 27 57 14 l 0 102 0 13 
Apr 68 33 30 50 31 37 41 116 1 7 4 
May 68 8 65 51 8 26 0 5 47 13 125 
June 68 6 0 0 103 0 41 9 57 6 0 July 68 20 13 16 22 4 36 34 44 60 267 Aug 68 38 2 60 22 35 58 20 51 59 42 _ 
EDAN TT 
39 8 
36 18 -
39 26 
81 21 
110 19 
86 0 
15 9 
33 99 
78 12 
93 16 
89 6 
31 20 
42 15 
40 21 
27 0 
17 4 
9 4 
86 40 
62 0 
33 0 
54 19 
TTEC 
2 
0 
0 
35 
0 
0 
0 
0 
0 
0 
59 
0 
0 
32 
0 
0 
43 
0 
0 
0 
0 
PHRG 
89 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
47 
0 
37 
0 
0 
0 
0 
0 
0 
311 
'-.I 
('\,) 
Table 17. Mean densities of wildebeest (animals/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN n TTEC PHRG 
Sept 66 6 0 10 13 23 7 13 23 4 0 18 10 2 116 
Oct 66 1 9 6 6 4 0 0 9 5 0 14 7 2 0 
Nov 66 2 0 3 7 6 4 0 6 1 0 4 0 32 7 
Dec 66 0 6 4 6 0 2 1 18 1 0 14 4 30 0 
Jan 67 2 0 0 25 29 6 2 0 l 0 11 8 0 0 
Feb 67 0 0 0 5 49 0 0 0 78 0 0 0 0 0 
Mar 67 0 0 2 11 6 1 0 0 0 0 5 14 0 0 
Apr 67 0 0 0 23 l 1 1 18 0 0 17 19 0 73 
May 67 2 0 l 10 48 28 2 0 0 0 13 19 111 c 
June 67 3 5 l 12 4 0 37 66 16 0 29 25 0 0 
July 67 6 0 10 27 43 1 36 15 9 0 13 8 0 0 
Aug 67 No censuses made Sept 67 9 0 13 15 27 22 52 0 26 29 16 10 0 0 
Oct 67 2 0 4 11 29 5 22 0 5 0 17 0 0 0 
Nov 67 7 l 5 5 0 4 8 36 9 0 8 4 20 55 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 5 0 2 25 14 l 0 12 0 0 6 10 35 0 
Mar 68 0 0 0 22 49 0 0 24 0 4 0 0 0 5 
Apr 68 0 l 4 18 35 5 19 19 l l 18 8 39 0 
May 68 8 0 13 24 43 18 23 0 9 0 6 23 . 0 13 
June 68 40 0 9 34 42 0 3 22 16 0 5 0 0 0 
July 68 17 7 8 17 43 11 34 7 10 0 17 0 53 0 
Aug 68 19 6 21 16 6 9 47 21 10 57 9 l 2 19 
Table 18. Mean densities of giraffe (anima1s/km2) measured in each habitat on Kempiana study area. 
CM CMTI DA DACV OATS PS PSAG CA CAAG ED 
Sept 66 5 14 1 1 3 11 7 l l 2 
Oct 66 2 5 3 2 7 14 1 1 0 0 
Nov 66 0 1 4 2 10 4 0 7 12 0 
Dec · 66 l 0 1 l l 4 0 2 0 2 
Jan 67 3 1 1 17 7 3 3 l 1 31 
Feb 67 3 0 0 3 0 0 0 11 0 22 
Mar 67 l 6 0 l l l 0 2 0 1 
Apr 67 0 0 1 2 12 10 2 17 0 7 
May 67 0 0 2 l 1 8 0 10 l 13 
June 67 l 4 1 1 l 9 0 2 3 0 
Ju1y 67 l 0 2 3 0 1 12 2 1 2 
Aug 67 No censuses made 
Sept 67 4 14 1 1 9 13 11 3 2 2 
Oct 67 2 0 3 3 1 22 0 0 0 0 
Nov 67 1 2 3 l 12 6 0 4 4 0 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 0 0 2 1 0 l 2 3 5 l 
Mar 68 l 0 0 l 0 12 0 0 5 3 
Apr 68 2 3 2 l 0 l l 6 3 6 
May 68 0 2 1 0 0 3 7 1 3 l 
June 68 l 0 0 1 0 0 3 32 0 0 
July 68 2 4 1 1 0 1 0 0 3 0 
Aug 68 2 2 5 l l 6 7 1 4 0 
EDAN TT 
4 2 
l 4 
5 1 
2 4 
7 0 
11 0 
3 4 
5 8 
10 3 
2 4 
3 4 
4 4 
0 4 
3 4 
2 0 
0 l 
l 4 
4 2 
10 l 
10 1 
2 2 
TTEC 
4 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
19 
0 
0 
0 
0 
PHRG 
13 
0 
3 
0 
0 
0 
0 
19 
5 
0 
2 
10 
0 
0 
0 
0 
0 
2 
0 
0 
0 
'-.I 
~ 
Tab1e 19. Mean densities of kudu (anima1s/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED 
Sept 66 l 2 l 0 0 3 0 0 0 0 
Oct 66 l 0 2 0 0 1 0 _Q G 0 
Nov 66 0 0 0 3 0 1 0 3 0 0 
Dec 66 l 0 1 1 0 1 0 0 0 0 
Jan 67 l 0 0 l 1 3 1 2 4 4 
Feb 67 1 0 2 0 0 0 0 0 0 0 
t·'iar 67 0 8 0 0 0 6 5 11 0 0 
Apr 67 l 0 0 l 0 l 0 l 0 0 
May 67 0 0 0 2 0 1 0 0 0 10 
June 67 1 0 1 1 0 1 0 0 0 10 
July 67 3 6 3 0 10 6 2 4 2 0 
Aug 67 No censuses made 
Sept 67 1 0 0 l 0 7 0 0 0 0 
Oct 67 l 0 3 0 0 0 0 0 0 0 
Nov 67 l 0 0 3 0 0 0 2 0 0 
Dec 67 No censuses made 
Jan 67 No censuses made 
Feb 68 2 10 0 0 0 1 1 1 0 0 
Mar 68 3 0 l 0 0 6 0 0 1 0 
Apr 68 1 5 2 0 3 6 12 5 3 0 
May 68 1 0 l 0 0 5 0 2 0 0 
June 68 3 7 0 1 0 0 0 52 0 80 
July 68 2 0 2 0 6 1 0 0 4 0 
Aug 68 l 0 l 2 0 4 7 0 0 14 
EDAN TT 
2 1 
0 0 
2 0 
l 0 
2 3 
0 4 
1 0 
3 0 
6 7 
0 0 
3 0 
l 1 
0 0 
1 0 
0 0 
0 2 
2 0 
1 2 
0 0 
6 0 
1 0 
TTEC 
0 
0 
0 
5 
0 
0 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
0 
0 
0 
PHRG 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
31 
0 
0 
0 
0 
0 
0 
0 
0 
2 
" u, 
Table 20. Mean densities of zebra (animals/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED 
Sept 66 1 0 0 l l 3 0 0 0 0 
Oct 66 0 0 l 1 3 0 0 0 0 0 
Nov 66 l 0 0 0 0 1 0 6 3 0 
Dec 66 0 0 l l 4 0 0 4 l 0 
Jan 67 l 0 0 5 4 0 0 8 0 8 
Feb 67 0 0 0 3 0 0 0 0 0 0 
Mar 67 0 0 0 l 0 0 0 0 0 0 
Apr 67 0 0 0 3 3 0 0 0 0 0 
May 67 2 l 0 7 0 0 15 4 0 0 
June 67 3 3 l 4 6 0 8 0 4 0 
July 67 l 3 0 0 7 . 0 12 0 2 0 
Aug 67 No censuses made 
Sept 67 2 0 l l 0 7 0 0 0 0 
Oct 67 0 0 0 0 0 0 0 0 2 0 
Nov 67 3 0 2 1 0 2 0 7 0 0 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 0 0 1 1 1 0 2 0 2 0 
Mar 68 0 0 0 5 27 0 0 41 0 0 
Apr 68 1 0 2 l 0 0 0 3 0 0 
May 68 3 1 10 1 13 4 9 2 5 0 
June 68 0 16 0 2 0 0 0 0 0 0 
July 68 11 15 1 0 1 4 7 0 2 0 
Aug 68 6 0 10 0 4 3 3 12 0 6 
EDAN TT 
7 3 
4 0 
2 0 
1 0 
2 0 
6 0 
0 0 
8 2 
13 0 
5 2 
l 3 
0 1 
8 0 
0 0 
3 0 
0 0 
2 3 
5 4 
0 0 
0 0 
0 l 
TTEC 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
0 
PHRG 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
21 
0 
" CTI 
Table 21. Mean densities of warthog (animals/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED EDAN TT TTEC PHRG 
Sept 66 0 0 0 0 0 0 0 0 5 0 3 1 0 0 
Oct 66 0 0 1 1 1 0 0 0 1 0 2 2 0 0 
Nov 66 0 0 1 0 4 0 0 0 0 3 2 0 0 0 
Dec 66 0 1 0 l l 0 0 1 l 3 l l 0 0 
Jan 67 0 0 0 1 1 0 0 0 0 0 0 1 0 0 
Feb 67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 67 0 4 l 3 0 0 0 0 0 0 • 0 4 · 0 0 
Apr · 67 0 0 0 0 0 0 0 1 0 0 2 0 4 0 0 
May 67 0 0 1 0 3 0 0 0 0 9 2 4 0 0 
June 67 0 0 0 0 l 0 0 0 0 3 1 0 0 0 
July 67 0 0 0 l 6 0 0 0 3 0 7 4 0 0 
Aug 67 No censuses made 
Sept 67 0 0 0 0 0 0 0 7 3 0 3 3 0 0 
Oct 67 0 0 3 2 10 3 0 0 5 0 0 3 0 0 
Nov 67 1 0 1 1 4 l 0 3 2 14 l 2 0 0 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 3 0 2 3 7 0 1 0 3 0 5 0 4 0 
Mar 68 0 0 l l 4 0 1 4 0 0 3 3 10 0 
Apr 68 1 0 0 0 4 1 2 0 0 0 9 3 0 0 
May 68 0 0 4 1 7 1 6 0 3 0 4 2 0 0 
June 68 2 0 0 4 0 0 0 4 0 0 4 0 0 0 
July 68 0 0 3 3 1 3 9 0 7 0 0 l 0 0 
Aug 68 2 1 0 0 13 2 0 0 3 0 l 0 4 0 
-...J 
-...J 
Table 22. Mean densities of waterbuck (animals/km2) measured in each habitat on Kempiana study area. 
CM CMTT DA DACV OATS PS PSAG CA CAAG ED 
Sept 66 0 0 l 0 0 7 0 0 0 0 
Oct 66 0 0 l 0 0 l 0 0 0 0 
Nov 66 0 0 1 0 0 0 6 0 0 0 
Dec 66 0 0 2 0 0 2 0 0 0 0 
Jan 67 0 0 0 1 0 1 2 0 0 3 
Feb 67 0 0 0 0 0 0 0 0 0 8 
Mar 67 0 0 0 0 0 5 0 0 0 0 
Apr 67 0 0 0 0 0 7 0 0 0 2 
May 67 0 0 0 0 0 9 0 0 0 17 
June 67 0 0 2 0 0 11 0 0 0 0 
July 67 0 0 4 0 0 6 3 0 0 3 
Aug 67 No censuses made 
Sept 67 0 0 0 0 0 0 0 7 0 0 
Oct 67 0 0 l 0 0 0 0 0 0 0 
Nov 67 0 0 0 0 0 0 0 0 0 0 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 l 2 l 1 0 3 0 0 0 0 
Mar 68 0 0 2 0 0 1 0 0 0 2 
Apr 68 0 0 3 0 0 4 0 0 1 0 
May 68 0 0 1 0 0 4 0 0 0 0 
June 68 1 0 0 0 0 0 0 0 0 0 
July 68 0 0 0 0 0 1 0 0 0 0 
Aug 68 0 0 3 0 0 2 0 0 0 0 
EDAN TT 
0 0 
0 0 
0 0 
0 0 
0 3 
0 1 
0 1 
0 2 
0 0 
0 0 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
TTEC 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
l 
0 
0 
0 
0 
0 
0 
0 
PHRG 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
38 
0 
0 
0 
0 
0 
-.....,J 
co 
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USE OF VEGETATION TYPES BY UNGULATES 
Comparison of ungulate densities within various plant communities 
may show up preferences or avoidances (e.g. waterbuck, Table 22). A 
better insight into ungulate selectivity can be made by using a selection 
index in place of simple densities. 
Where an ungulate's selection or avoidance of a particular habitat 
or groups of habitats is related to the distribution of a particular 
factor in the habitats, a functional relationship between ungulate 
occurrence and the habitat factor can be outlined and analyzed. If the 
ungulates display no preferences, their distribution over the habitat 
types will be approximately random. In such cases the numbers or rela-
tive proportions of animals will be positively correlated with both the 
proportional area of each habitat type and with the total number of animals 
on the whole study area. · Since many ungulates are gregarious, the size 
and composition of the herds may influence the numbers in a habitat. 
Activities such as feeding, drinking or association with other species 
may also ihfluence the numbers in a habitat. Activities such as feeding, 
drinking or association with other species may additionally be influenced 
by prevailing weather conditions. These various factors influence not 
only the real numbers occurring in any particular habitat, but also the 
accuracy of population sampling. 
There are thus four groups of variables which play a role in 
determining ungulate distribution and the accuracy with which the 
distribution can be measured: 
l. H~bitat variables 
2. Random dispersal variables 
3. Physical environmental variables 
4. Animal population and activity variables. 
Interactions among and between these groups must also be considered. 
This section seeks first to examine the patterns of hab~tat 
selection displayed by Kempiana's ungulates, and secondly to examine 
the quantitative and functional relationships between the different 
variables and variable groups on the one hand, and ungulate numbers in 
the habitats on the other. 
Wa terbuck 
Pattern of habitat selection 
Waterbuck appear to be the most selective of the seven ungulate 
species. Figure 15 demonstrates the selectivity for each habitat type 
computed on a seasonal mean, minimum and maximum basis. 
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The only habitat preferred more or less consistently is the riparian 
gallery forest (type PS), characterized by a dense tree canopy, tall grass, 
sandy soil and proximity to water. Waterbuck also frequent the savanna 
areas (type DA) which have variable tall- ttnd short-grass patches, but 
there is no discernible pattern of distribution by months. The patches 
of vegetation types DA and TT, both savanna types, where waterbuck were 
found, were all in close proximity to the riparian forest (PS). Occurrence 
in other habitats is sporadic. Some habitats, notably the woodland types 
(CMTT and CA), the short-grass savanna type (OATS) and the thorn-scrub 
(TTEC) are almost completely avoided . The habitats most used appear to 
be similar in structure to those described as preferred by waterbuck in 
East Africa (Lamprey 1963, Field and Laws 1970). 
Factors related to habitat selection 
An analysis of covariance of waterbuck densities for each sample 
transect (Table 23) revealed highly significant differences with and 
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Figure 15. Seasonal mean, m1n1mum and maximum habitat selection 
indices for waterbuck for each of 14 vegetation types 
on Kempiana study area. Horizontal lines represent 
zero values for each vegetation type (0 = random 
occurrence); above line index is positive(= selection 
of habitat); below line indicates negative value(= 
avoidance of habitat). 
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Table 23. Analysis of covraiance of waterbuck densities in each habitat om Kempiana 
Source Oegress of 
variation freedom 
Habitats 
Error 
Total 
Difference 
13 
1036 
1049 
Sum of squares 
(total) 
15.75 
167.49 
183. 23 
Sum of Squares 
(due) 
78.50 
19.29 
Sum of Squares 
(about) 
88.99 
91.94 
2.96 
Testing unadjusted mean densities per habitat: F (13,1036) = 7.49 (p < 0.005) 
Testing mean densities adjusted for covariates: F (13,1020) = 2.606 (p < 0.005) 
Covariates having significant regression on waterbuck densities: 
positive regression - female abundance in habitat 
time of day (p < 0.001) 
wind speed {p < 0.01) 
water abundance (p < 0.25) 
negative regression - year (p < 0.01) 
wind gusting (p < 0.05) 
(p < 0.001) 
Oegress of 
freedom 
1020 
1033 
13 
Mean 
square 
0.09 
0.23 
(X) 
N 
without adjustment for significant covariance factors. Significant 
positive linear regression of waterbuck densities was found on female 
abundance in the respective habitats, the time of day, wind speed and 
water abundance. Significant negative linear regression of densities 
occurred on the year the transect was run and on the degree of wind 
gusting. 
A significant positive correlation between densities and female 
abundance is to be expected in a gregarious species with a female pre-
ponderance in the population. The chief reason for using such a co-
variate is to detect differential preferences for habitat by males or 
females. This covariate, although highly significant for all habitats 
where waterbuck were located, was not used in adjusting means before 
applying multiple regression analysis, since an 11average 11 population of 
mean sexual composition has little meaning. 
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The strong relationship between waterbuck and environmental variables 
such as time of day, wind speed and wind gusting appears to be due more to 
variation in population sampling efficiency induced by these factors than 
to actual changes in habitat selectivity. Since waterbuck were highly 
selective and spent most of their time in riparian habitats, most of 
these density shifts took place within and not between habitats. The 
positive correlations show that waterbuck were located more easily during 
late afternoon, presumably when feeding activity was at its peak, and 
when the wind was blowing steadily. Wind gusting hampered detection in 
that it drove the animals into denser cover. 
The negative correlation between year and waterbuck densities 
(lower densities during the latter part of the study) indicated a drop 
in population size. Waterbuck populations in the Timbavati Nature Reserve 
are subject to heavy losses from predation and starvation in poor years 
(Hirst 1969b). While predation may have been partially responsible 
for the drop, habitat quality appeared to remain in excellent condition 
during the study, and no starvation deaths were discovered. Since the 
study area was not a closed unit in terms of boundaries or animal move-
ments or distribution, it was likely that dispersion away from the study 
area was responsible for the decline in densities. Such dispersion may 
have been related to local water abundance in other areas, a factor 
which is positively related to waterbuck abundance. 
Because of their marked habitat specificity, waterbuck showed 
highly significant responses to seven of the ten principle components 
of habitat structure (Table 24). The results imply a preference based 
on abundant vegetation, especially abundant tall grass within woodland 
84 
and in dense evergreen vegetation along watercourses. Although a definite 
selectivity for denser habitats is evident, this appears to be related to 
the graminaceous component, since a significant negative response is 
shown to dense shrub understory, and no particular relationship to the 
forb layer can be found. 
A preference for tall and abundant grasses under a high woodland 
canopy indicates that waterbuck are indeed stenecious, since such a 
combination of habitat factors in semi-arid or s~b-tropical Africa can 
only be found along water-courses where moisture is locally available. 
Total habitat area available is also limited and this may explain the 
high mortality rate commonly seen in waterbuck populations (Hirst 1969b, 
Pienaar 1969) where carrying capacity is limited and competition with 
other grazing ungulates is likely to be severe. 
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Table 24. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of waterbuck. 
Source of Degrees of Sum of Mean F Signifi- Type of 
variation 2 freedom squares square value cance response 
Model 7 213.40 30.49 15. 96 <0.005 
Pri nci pa 1 
component 22.24 22.24 11 . 66 <0.005 Positive 
linear 
Principal 
component 2 21. 81 21. 81 11. 43 <0.005 Positive 
linear 
Princiapl 
component 3 1 17. 41 17. 41 9.13 <0.005 Negative 
linear 
Principal 
component 4 61.49 61.49 32.23 <0.005 Negative 
linear 
Principal 
component 5 12.95 12.95 6.79 <O. 011 Negative 
linear 
Principal 
component 8 69.38 69.38 36.37 <0.005 Pas itive 
linear 
Principal 
component 10 8. 12 8. 12 4.26 <0.05 Positive 
linear 
Residual 1042 1993.86 1. 91 
Tota 1 1049 2207.26 
-------------------------------------
Lack of 
fit 6 18.43 3.07 1. 61 >O. 10 
Pure error 1036 1975.43 1. 91 
2 see Table 6 for identification of principal components 
\·Ji l de bees t 
Pattern of habitat selection 
Wildebeest are more catholic than waterbuck in their choice of 
habitats. They occupy most habitats at some time during a month, but 
densities in various habitats differ widely . 
The open short-grass savanna (type DACV) is the habitat of choice 
(Fig. 16). Other habitats utilized frequently are the related savanna 
types DA and DAfS, the marginal savanna-woodland type PSAG and the 
thorn-mixed woodland type EDAN. The pattern of distribution suggests 
that wildebeest prefer open savanna, but readily make use of other 
habitats under certain conditions. Utilization of the most abundant 
vegetation type - mixed semi-deciduous woodland - appears to be on a 
cyclic basis, with highest nurrbers being found there during the peak of 
the dry season. 
Factors related to habitat selection 
The analysis of covariance (Tab1e 25) shows wildebeest densities 
per habitat to differ significantly and only three covariates to have 
significant effects on them. 
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The relationship of densities to female abundance has been discussed 
for waterbuck and the same reasoning applies here. The negative corre-
lation with habitat area appears to be a spurious one caused by wilde-
beest preferences for habitats with small total surface areas, and 
avoidance of the predominant deciduous woodland. A positive correlation 
with area would naturally indicate random occurrence of animals over the 
whole area. 
The negative relationship of wildebeest distribution to water 
abundance is noteworthy, since at first glance it might indicate avoidance 
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Figure 16. · Seasona 1 mean, minimum and maximum habitat selection 
indices for wildebeest for each of 14 vegetation types 
on Kempiana study area. Interpretation as for Fig. 15. 
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Table 25. Analysis of covariance of wildebeest densities in each habitat on Kempiana 
Source of 
variation 
Habitats 
Error 
· Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
(total) 
8. 30 
203.66 
211. 96 
Sum of squares 
(due) 
76.84 
69.00 
Sum of squares 
(about) 
126. 82 
142.96 
16. 14 
Testing unadjusted mean densities per habitat : F(13,l036) = 3.25 (p < 0.005) 
Testing mean densities adjusted for covariates: F(l3,1020) = 9.99 (p < 0.005) 
Covariates having significant regression on wildebeest densities: 
positive regression - female abundance in habi tat (p < 0.001) 
Negative regression - habi tat area (p < 0.001) 
water abundance . (p < 0.05) 
0 
Degrees of 
freedom 
l 020 
1033 
13 
Mean square 
·o. 12 
l. 24 
co 
co 
of watering sites because of predator presence. However, wildebeest 
are animals of open savanna and on Kempiana such habitat types only 
provide water for limited periods following rains. Habitats with 
permanent water, e.g. river-beds, are avoided for other reasons, and 
this produces a seemingly negative response to water. It is important 
to note that wildebeest could readily move from their selected savanna 
habitats to water in other habitats and return within a short time. 
Wildebeest densities were adjusted for this covariate only before sub-
sequent regressional analysis. 
Multiple regression analysis revealed wildebeest distribution and 
densities to be significantly related to sx of the ten identified 
habitat components (Table 26). This confirmed that blue wildebeest are 
essentially animals of open savanna habitats, and their distribution is 
positively related to short grass, a prominence of the grass component 
(in contrast to forbs and shrubs) of the lower synusiae, and to tall 
trees and clumped woody elements. No relationship to the nature of the 
substrate was detected, nor to tree density within the habitats. 
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These responses seem to suggest one vital factor in wildebeest 
distribution - good visibility . This may be anticipated in animals which 
occupy open savanna over most of their geographic range (Estes 1969). 
Hirst (1969b) has speculated that this preference for habitats with good 
visibility may be related to predation, which is heavy on this species 
in many parts of Africa. 
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Table 26. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of wildebeest. 
Source of Degress of Sum of Mean F Signifi- Type of 
variation freedom squares square value ca nee response 
Model 6 1425.95 237.66 16.20 <0.005 
Pri nc i pa 1 
component 2 237.01 237.01 16. 16 <0.006 Positive 
linear 
Principal 
component 3 545.38 545.38 37. 18 <0.005 Positive 
1 i near 
Principal 
component 4 175.94 175. 04 11. 93 <0.005 Positive 
linear 
Principal 
component 6 56.48 56.48 3.86 <0.05 Positive 
linear 
Principal 
component 7 165.60 165.60 11 . 29 <0.005 Negative 
linear 
Principal 
component 8 246.44 246.44 16.80 <0.005 Positive 
1 i near 
Residua 1 1043 15400. 12 14.67 
Total 1049 16726. 07 
-- -- ----- -- - -- - - ----- --- - - --- - -------
Lack of 
<0.05 1 fit 7 206.76 29. 54 2.03 
Pure error 1036 15093.36 14.57 
1F(7,1036) = 2.01, hence lack of fit only barely significant 
Zebra 
Pattern of habitat selection 
Zebra are so coMmonly associated with wildebeest over much of 
their common geographic range that it is not surprising to find similar 
patterns of habitat selection on Kempiana (Fig. 17), although there are 
differences in those habitat types receiving most utilization. Zebra 
show a marked predilection for the thorn-mixed woodland (type EDAN) 
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but frequent the savanna and savanna woodland types as well. The 
deciduous woodland types generally support low zebra densities and these 
fluctuate on the same basis as in wildebeest with higher densities 
being measured in the dry season. 
Factors related to habitat selection 
An analysis of covariance (Table 27) confirmed the habitat selectivity 
of zebra and the general similarity of the pattern to that of wildebeest. 
Of the significant covariates, habitat area, female abundance in the 
population and water abundance probably play similar roles as in wilde-
beest and are discussed above. Densities were adjusted for total popula-
tion size, which significantly increased during the latter part of the 
study period, and for wind gusting, which probably affected sampling 
efficiency. Although gusty conditions could probably drive animals to 
seek shelter in wooded habitats, this aspect was checked at various times 
in the field, and it was noted that zebra and wildebeest preferred to 
seek local shelter near clumped bush or trees within their preferred 
habitats rather than to move into a different habitat type. 
The similarities to wildebeest are again reflected in the multiple 
regression (Table 28). Similar responses were shown to several habitat 
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Figure 17. Seasonal mean, minimum and maximum habitat selection indices 
for zebra for each of 14 vegetation types on Kempiana study 
area. Interpretation as for Fig. 15. 
Table 27. Analysis of covariance of zebra densities in each habitat on Kempiana 
Source of 
variation 
Habitats 
Error 
Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
(total) 
2.98 
112.01 
114. 99 
Sum of squares 
(due) 
40.93 
41.55 
Sum of squares 
(about) 
71.08 
73.43 
2.36 
Testing unadjusted mean densities per habitat: F(l3,l036) - 2.12 (0.01 < p < 0.05) 
Testing mean densities adjusted for covariates: F(l3,l020) = 1.60 (p < 0.005) 
Covariates having significant regression on zebra densities: 
positive regression - female abundance in habitat (p < 0.001) 
total population size (p < 0.001) 
negative regression - habitat area (p < 0.001) 
wind gusting (p < 0.05) 
water abundance (p < 0.01) 
Degrees of 
freedom 
1020 
1033 
13 
Mean square 
0.07 
0. 18 
!!' 
SD 
w 
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Table 28. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of zebra. 
Source of Degress of Sum of Mean F Signifi- Type of 
variation freedom square square value cance response 
Model 6 176.24 29.37 10. 31 <0.005 
Principal 
component 2 14.83 14. 83 5.20 <0.05 Positive 
1 i near 
Pri nci pa 1 
component 3 74.30 74.30 26.07 <0.005 Positive 
linear 
Principal 
component 5 42.75 42.75 15. 00 <0.005 Negative 
linear 
Principal 
component 6 20.38 20.38 7. 15 <0.01 Positive 
linear 
Principal 
component 8 12. 60 12. 60 4.42 <0.05 Positive 
linear 
Pri nci pal 
component 9 11. 38 11. 38 3.99 <0.05 Positive 
linear 
Residual 1043 2970.26 2.85 
Total 1049 3146.50 
---------- - -- - --- - -- - ----------------
Lack of 
fit 7 36.49 5. 21 1.84 <0.05 
Pure error 1036 2933.77 2.83 
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principal components, and the overall picture is a preference for open, 
tall-treed savanna with an abundance of short grass. The notable differ-
ence to wildebeest is the preference for clay soils as against sandy 
soils, and this appears to be the only reason why zebra show such a 
marked preference for the thorn-mixed woodland (type EDAN). Preferences 
for a substrate type may be real in cases where an animal uses the soil 
(e.g. for dust baths), but this appears to be unlikely in the case of 
zebra on clay soils. Since the method of principal component extraction 
has removed any possibility of a mutual correlation with a structural 
habitat feature such as grass height or density being the real cause of 
habitat preferences, the answer may have to be sought in factors such 
as differential palatibility of grasses on different soil types. 
A test on the suitability of the regression model (Table 28) showed 
no si gnificant lack of fit of the data, and all variability in the data 
were adequately explained by the six-component model plus sampling 
variation. 
Giraffe 
Pattern of habitat selection 
Giraffe are morphologically unique ungulates and their large size 
and height free them from most of the constraints of predation and inter-
specific feeding competition faced by other ungulates. 
Giraffe were located in all of Kempiana's 14 habitats at one time 
or another, although densities differed considerably (Table 18). Habitat 
selection indices are also subject to much variation (Fig. 18). The 
thorn-mixed woodland EDAN is apparently preferred at most times of the 
year. The deciduous woodland types CM and CMTT are largely avoided, as 
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Figure 18. Seasonal mean, minimum and maximum habitat selection indices 
for giraffe for each of 14 vegetation types on Kempiana 
study area. Interpretation as for Fig. 15. 
are the thorn scrub savanna TTEC, the reedbeds PHRG, the alluvial tall 
grass savanna CAAG and the denser woodland tyres CA and ED. Selection 
of the savanna types is erratic, varying from preference to avoidance. 
Mean indices in several seasons tend to zero, sugaesting a random 
occurrence in savanna types. 
Factors related to habitat selection 
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An analysis of covariance on the unadjusted mean densities within 
habitats (Table 29) was significant at the five percent level of signi-
ficance but not the one percent, indicating that differences between 
habitats were not so marked as in the ungulates already discussed. The 
means, adjusted for significant covariates, differed more significantly; 
habitat area and female abundance were not taken into account in later 
analyses, as explained previously, but the positive regressions of 
densities on time of day (more giraffe located in late afternoon) re-
flected sampling variation. The strong correlation of densities and 
total population size also indicated some degree of random occurrence 
over the area, since this factor would not be so obvious in a strongly 
selective animal. 
Multiple regression analysis (Table 30) revealed significant re-
sponses to only four habitat components. Two of these indicated strong 
preferences for woodland habitats with abundant vegetation in all strata. 
The remaining two responses indicated a preference for short grass over 
tall grass and indeed a preference for the graminaceous component over 
the woody component. The latter appears paradoxical in view of the 
giraffe, virtually an exclusive browser, showing a positive response to 
grass cover, which is seldom used by the animal. A remarkably good fit 
Table 29. Analysis of covariance of giraffe densities in each habitat on Kempiana 
Source of 
variation 
Habitats 
Error 
Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
( tota 1 ) 
3.21 
141.18 
144.38 
Sum of squares 
(due) 
39.03 
37. 51 . 
Sum of squares 
(about) 
102. 15 
106. 87 
4.72 
Testing unadjusted mean densities per habitat: F(l3,1036) = 1.81 (0.01 < p < 0.05) 
Testing mean densities adjusted for covariates: F(13,1020) = 3.63 (o < 0.005) 
Covariates having significant regression on giraffe densities: 
positive regression - female abundance in lhlbitat (p < 0.001) 
time of day (p < 0.05) 
total population size (p < 0.01) 
egative regression - habitat area (p < 0.001) 
Degrees of 
freedom 
1020 
1033 
13 
Mean square 
0.10 
0.36 
I.O 
co 
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Table 30. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of giraffe. 
Source of Degrees of Sum of Mean F Signifi- Type of 
variation freedom squares square value cance response 
Model 6 186.70 31 .17 8.67 <0.005 
Principal 
component 1 1 46.79 46.79 13.03 <0.005 Positive 
linear 
Principal 
component 2 2 35.63 17.82 4.96 d). 05 Negative 
curvilinear 
Principal 
component 3 2 43.97 21. 98 6. 12 <0.006 Positive 
curvilinear 
Principal 
component 8 60. 31 60. 31 16.80 <0.005 Positive 
linear 
Residual 1043 3749.18 3.59 
Total 1049 3935.88 
------------------------------------
Lack of 
fit 7 14.93 2. 13 0.59 >0.40 
Pure error 1036 3734.25 3.60 
of the data to the resession rrodel was demonstrated (Table 30), and 
the preferences of giraffe for grass remain unexplained. 
Impala 
Pattern of habitat selection 
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Impala, like giraffe, were censused in every habitat type. Habitat 
selection indices (Fig. 19) revealed a preference for type EDAN, the 
favored giraffe habitat, but impala were more consistent in their selection 
of other savanna and savanna woodland types. Impala are often regarded 
as mixed feeders, but on Kempiana grasses and forbs makeup 90 percent 
of thei r diet, hence relation of impala to herbaceous habitat factors is 
to be anticipated . The thorn-scrub savanna (type TTEC) is generally 
avoided, as are the river-beds, except for drinking purposes. 
Factors related to habitat selection 
The analysis of covariance (Table 31) revealed significant differences 
between mean densities measured per habitat, with and without adjustment 
for an mber of covariates. Densities were negatively correlated with 
habitat area, indicating a preference for the smaller sized habitats over 
the lar ge (mainly the deciduous woodland, type CM). As with the other 
species, densities and to be corrected for mean total population size 
since t1is variable had a highly significant effect on habitat densities. 
Multiple regression analysis (Table 32) showed impala densities over 
the area to be affected by every habitat component except that representing 
the nature of the soil in the habitats. The combination of responses 
indicated impala to be essentially animals of open savanna, generally 
clear of understory, with tall, clumped woody plants. The grass component 
of the abitat is obviously very important, and impala appear to seek out 
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Figure 19. Seasonal mean, minimum and maximum habitat selection indices 
for impala for each of 14 vegetation types on Kempiana 
study area. Interpretation as for Fig. 15. 
Table 31. Analysis of covariance of impala densities in each habitat on Kempiana 
Source of 
variation 
Habitats 
Error 
Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
(total) 
56.09 
1322.53 
1378.62 
Sum of squares 
(due) 
419.15 
391. 63 
Sum of squares 
(about) 
903.39 
986.99 
93.61 
Testing unadjusted mean densities per habitat: F(l3,l036) = 3.38 (p < 0.005) 
Testing mean densities adjusted for covariates: F(13,1016) - 7.23 (p < 0.005) 
Covariates having significant regression on impala densities: 
positive regression - female abundance in habitat (p < 0.001) 
total population size (p < 0.01) 
negative regression - habitat area (p < 0.001) 
0 
Degrees of 
freedom 
l 016 
1029 
13 
Mean square 
0.89 
6.43 
0 
N 
1()3 
Table 32. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of impala. 
Source of Degrees of Sum of Mean F Signifi- Type of 
variation freedom squares square value ca nee response 
Model 9 9795.64 1008.40 56.10 <O. 005 
Principal 
component 1 189. 49 189. 49 9. 77 <0.005 Positive 
linear 
Principal 
component 2 134.48 134. 48 6.93 <0.005 Positive 
1 i near 
Principal 
component 3 3834.85 3834. 85 197. 71 <0.005 Positive 
linear 
Principal 
component 4 150.45 150. 45 7.76 <0.005 Negative 
1 i near 
Principal 
component 5 1 368.31 368. 31 18. 99 <0.005 Negative 
linear 
Principal 
component 6 1678.82 1678.82 86.55 <0.005 Positive 
linear 
Principal 
cofTl)onent 7 2355.55 1355. 55 121.44 <0.005 Negative 
linear 
Principal 
component 8 588.73 588.73 30.35 <0.005 Positive 
1 i near 
Principal 
component 10 494.96 494.96 25.52 <0.005 Positive 
linear 
Residual l 040 20179.64 19.40 
Total 1049 29975.28 
- ----------- ------------ -- ----------
Lack of 
fit 4 153. 31 38.33 1. 98 <0.05 
Pure error 1036 10026. 33 19.33 
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habitats with short grass, heterogeneous in nature, but also habitats 
with dense grass cover and dense grass basal cover. The regression model 
was not adequate in explaining all variation in the data however (Table 32) 
and there were other unmeasured factors which determined impala distribu-
tion and densities on the study area. 
Warthog 
Pattern of habitat selection 
Warthog numbers on Kempiana were never high and densities within 
habitats on occasion dropped to levels too low to sample. It is diffi-
cult to determine from comparison of the various densities whether ab-
sence from a habitat was due to avoidance or to inefficient sampling. 
Sampling was clearly affected by two environmental variables, viz. time 
of day (fewer animals located later in the day) and the degree of over-
casting (fewer animals seen when conditions cloudy) (Table 33). Overall 
densities increased as the study progressed. 
Factors related to habitat selection 
Only three of the habitat components were found to be related to 
warthog distribution (Table 34) and there were other unknown factors 
of importance, since the best regression model had a highly significant 
lack of fit ( p < 0.005). Warthog were demonstrated to be animals of 
short-grass savanna and densities were highest in those habitats on the 
graminaceous end of the grass - woody plant ecological gradient. The 
preference for short grasslands is logical in the case of a small-
statured grazer and rooter such as the warthog. The unknown and un-
measured causative factors in distribution are a cause for concern, and 
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Figure 20. Seasonal mean, minimum and maximum habitat selection indices 
for warthog for each of 14 vegetation types on Kempiana 
study area. Interpretation as for Fig. 15. 
Table 33. Analysis of covariance of warthog densities in each habit.at on Kempiana 
Source of 
variation 
Habitats 
Error 
Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
( tota 1) 
17.78 
202.00 
219.79 
Sum of squares 
(due) 
75.68 
85.58 
Sum of squares 
(about) 
126. 32 
134. 21 
7.88 
Testing unadjusted mean densities per habitat: F(13,1036) = 7.02 {p < 0.005) 
Testing mean densities adjusted for covariates: F(13,l020) = 4.90 (p < 0.005) 
Covariates having significant regression on warthog densities: 
positive regression - female abundance in habitat (p < 0.001) 
year {p < 0.05) 
total population size (p < 0.01) 
negative regression - time of day (p < 0.05) 
habitat area (p < 0.05) 
cloud overcast (p < 0.05) 
Degrees of 
freedom 
1020 
1033 
13 
Mean square 
0. 12 
0.61 
0 
O'I 
Table 34. Multiple regression analysis relating principal components 
of the habitat to abundance and distribution of warthog. 
Source of Degrees of Sum of Mean F Signifi- Type of 
variation freedom squares square value cance response 
Model 4 168.86 42.22 8.73 <0.005 
Principal 
component 2 36.98 18.49 3.82 <0.05 Positive 
curvilinear 
Principal 
component 3 111. 09 111. 09 22.95 <0.005 Positive 
linear 
Pri nci pal 
component 8 20.79 20.79 4.30 <0.05 Positive 
linear 
Residua 1 1045 5057.40 4.85 
Total l 049 5226.26 
------- - ----------------------------
Lack of 
fit 9 146.84 16.32 3.44 <0.005 
Pure error 1036 4920.56 4.74 
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it is suggested that factors such as plant palatibility and availability 
of tubers, etc. for rooting could profitably be investigated in future. 
Kudu 
Pattern of habitat selection 
Kudu were found in all habitats on Kempiana. They were consistently 
seen in the semi-deciduous woodland (type CM), the short grass savanna 
(DACV), the gallery forest (PS) and the thorn-mixed woodland (Edan). 
Densities in all types were generally less than three animals per square 
kilometer (Table 19) although higher densities were computed at times. 
Habitat selection indices (Fig. 21) indicated no preferred habitats, 
and many indices have negative means because of the small population 
sampled. Several monthly means have very small positive or negative 
values, indicative of random selection of habitats. 
An analysis of covariance confirmed this absence of selectivity; 
there was no significant difference between mean densities in each 
habitat measured over the two-year period, with or without adjusting 
for covariates (Table 35). 
Simpson and Cowie (1967) found kudu to be more or less randomly 
distributed in the wet season in the Rhodesian Lowveld, and to prefer 
dense woodland types and riverine thickets in the dry season due to 
water and browse availability. Kudu on kempiana appear to be unaffected 
by the absence of water in many vegetation types in the dry season, and 
they apparently are able to utilize the browse in all the habitats, even 
the relatively scattered browse in the savanna types. 
110 
CM · - • • t ·---· • • 
CMTT · - • • -+ • • DA. • - ~ t- -· • • DACV • 
·--· 
• • -· ---:... • OATS 
• 
-t--i-
-· 
PS · - -- • -- • • -· -, -----t ---t PSAG --
-· -
-1--• --.- --t- --& -o . 
CA • 
• t 
--i 
·--· -·- • CAAG 
' 
• • 
' 
ED 
• • • • -· 
* 
EDAN • 
• • • • TT • t --• • • • . TTEC - i --t- -. ----. - .--- -!---:-
. ? 
PHRG · -- --.----.
-- . 
. 
SPR. SUM. FALL WINT . SPR . SUM . FALL WINT. 
'66 '6 6/67 '67 '67 '67 '67/68 '68 '68 
ff SEASONS 
Figure 21. Seasonal mean, minimum and maximum habitat selection indices 
for kudu for each of 14 vegetation types on Kempiana study 
area. Interpretation as for Fig. 15. 
Table 35. Analysis of covariance of kudu densities in each habitat on Kempiana 
Source of 
variation 
Habitats 
Error 
Total 
Difference 
Degrees of 
freedom 
13 
1036 
1049 
Sum of squares 
( tota 1) 
114. 08 
9090.20 
9204.28 
Sum of squares 
(due) 
481 . l O 
462.53 
Sum of squares 
(about) 
8609.10 
8741.75 
132.65 
Testing unadjusted wean densities per habitat: F(l3,l036) = 1.00 
Testing mean densities adjusted for covariates: F(l3,l020) = (p < 0.1) 
Covariates having significant regression on kudu densities: 
positive regression - female abundance in habitat (p < 0.001) 
Degrees of 
freedom 
1020 
1033 
13 
Mean square 
8.44 
10.20 
., . 
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ECOLOGICAL SEPARATION FLARGE UNGULATES 
The term "ecological separation" has been used by Lamprey (1963) 
in referring to the stratification of ungulate distribution and habitat 
utilization in the savanna of northern Tanzania. In this area Lamprey 
showed that ecological separation was achieved mainly by differences in 
spatial and temporal distribution and by the use of different feeding 
levels. Field and Laws (1970) studied ungulate distribution in the 
grassland ecosystems of the Queen Elizabeth National Park, Uganda, and 
related ungulate preferences for certain habitats to floristic components 
of the habitats. They found that fire and rainfall modified the degree 
of association. Harris (1972) has made extensive use of mathematical 
indices to elucidate con111unity structure in the semi-arid Mhomazi Game 
Reserve, also in Tanzania, and found a strong degree of spatial and 
temporal patterning. A much larger number of large herbivores were 
considered in his study (22) as opposed to the few on Kempiana (7), and 
the four habitats delineated there may not necessarily agree structurally 
with those on Kempiana, but there are noticeable similarities as regards 
the selectivity patterns of some species common to both areas. Wildebeest 
and waterbuck are selective in both areas, and giraffe much less so. Kudu 
were fairly selective in Mkomazi, and not at all on Kempiana, but this 
was obviously a function of the scale on which such preference data 
were collected in each study. 
In the present study the proportionate distribution of each ungulate's 
population over the 14 vegetation types on Kempiana was compared to that 
for every other ungulate species for each month of the study period. Of 
441 x2 comparisons, only one (impala and warthog in June 1967) showed 
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no significant differences in distribution~ all others were highly 
significant ( p < 0.001 in most cases). The ungulates on Kempiana thus 
display strong spatial separation patterns as well. 
Ungulates may be separated at certain points in time, but may 
still compete for the food and water resource on a year-round basis. 
This also appears to be minimized on Kempiana. Waterbuck are supported 
mainly by the riparian gallery forest, wildebeest by the short-grass 
savanna types and zebra by the thorn-mixed woodland. Giraffe utilize 
the latter habitat to a marked extent, but do not enter into feeding 
competition with zebra. Warthog also direct much of their attention 
to this same habitat, but since both zebra and warthog populations 
were small on Kempiana, feeding competition was probably negligible. 
Impala also make use of the thorn-mixed woodland, but make equal use 
of the savanna types. 
The density of ungulates in each vegetation type at night could 
not be measured, but frequency of encounter with groups and solitary 
individuals along the transect was recorded for night transects made 
during the dry seasons. It was hoped that these frequencies would 
serve as indices of nightly abundance in each community. However, 
sampling efficiency, with the spotlighting method proved to be poor, 
and kudu, waterbuck and warthog were hardly ever seen. Frequencies of 
occurrence impala, wildebeest, zebra and giraffe differed signifitantly 
(p < 0.001) from frequencies computed from the daylight transect data, 
but it is doubtful whether statistical comparison is valid in view of 
the biases in night sampling. Most ungulates appeared to be crepuscular 
in their feeding habits, although Ables and Ables (1969) noted feeding 
activity by impala at night, and impala and wildebeest were seen 
feeding in open savanna on Kempiana at night. During the colder 
rronths, impala were frequently encountered on the summits of the 
granitic ridges at night, apparently a movement response to the cold 
air settling in the depressions and gullies. Night distribution of 
ungulates can thus not be lightly dismissed, but the methods used 
in this study were inappropriate for adequate evaluation. 
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The extent of plant-species utilization by the total ungulate 
population was determined by examination of the vegetation. The information 
is essentially qualitative (Tables 36 to 38) and permits only a general 
overview of feeding habits. However, even this incomplete list suggests 
a considerable overlap of feeding preferences. Use of different feeding 
levels by giraffe and kudu is the obvious means of competition avoidance 
by the principal browsers, even when the same plant is eaten. Wildebeest 
and zebra eat at different levels as well (Talbot and Talbot 1963, Gwynne 
and Bell 1968) but some workers have found marked similarities in feeding 
habits (Casebeer and Koss 1970). The present study has indicated that 
spatial separation of the ungulates is the main method of competition 
avoidance, and use of different feeding levels likely becomes important 
only among the grazers in a few commonly used types such as the thorn-
mixed woodland. 
The functional responses of ungulate numbers to quantitative habitat 
factors have already been described. Comparison of these (Table 39) 
shows that no-species have identical combinations of factors to which 
they respond, and therefore these quantitative factors may well be the 
key factors for occupation of favourable habitats and the optimization 
of specific niches. 
Table 36. Grasses observed to be eaten by grazing ungulates on 
Kempiana and southern areas in Timbavati Nature Reserve, 
July 1964 - August 1968. 
Grass species 
Aristida Congesta subsp. 
barbicollis 
Bothriochloa insculpta 
Brachiaria nigropedata 
Chloris virgata 
Cynodon dactylon 
Dactyloctenium aegyptium 
Digitaria pentzii 
Digitaria smutsii 
Enteropogon macrostochys 
Eragrostis chloromelas 
Eragrostis gurrmiflua 
Eragros tis heteromera 
Eragrostis rigidior 
Eragrostis superba 
Eriochloa borumensis 
Eustachys mutica 
Heteropogon contortus 
Microchloa caffra 
Panicum maximum 
Pogonarthria squarrosa 
Pseudobrachriaria deflexa 
Schmidtia bulbosa 
Sehima galpinii 
Setaria woodii 
Sporobolus nitens 
Sprobuls smutsii 
Themeda triandra. 
Tragus berteronianus 
Urochloa mossambicensis 
* 
** 
*** 
Single record 
Several records 
Frequently observed 
Impala 
** 
* 
** 
** 
** 
** 
*** 
** 
** 
*** 
* 
* 
* 
* 
*** 
* 
** 
*** 
** 
* 
** 
** 
Wilde- Zebra Water- Warthog 
beest buck 
** 
* * 
* 
* * * 
*** ** * 
* ** * 
** ** ** 
* 
* 
* * 
* 
*** * * 
*** *** 
* ** ** 
*** *** ** * 
* ** 
* 
** * * 
* 
** * 
*** *** *** 
*** * ** 
* ** ** 
** 
** ** * 
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Table 37. Forbs observed to be eaten by grazing ungulates on 
Kempiana and southern areas in Timbavati Nature Reserve, 
July 1964 - August 1968. 
Forb species 
Barleria elegans 
Blepharis integrifolia 
Cassia mimosoides 
Chaetacanthus setiger 
Corchorus asplenifolius 
Crotaliaria sphaerocarpa 
Cyphocarpa angustifolia 
Dyschoriste rogersii 
Eyolvolus alsinoides 
Gomphrena celasoides 
Hemizygia elloittii 
Hermannia boraginiflora 
Indigofera rhytidocarpa 
Justicia anagalloides 
Ruellia patula 
Seddera suffruticosa 
Trianthema salsolides 
* 
** 
*** 
Single record 
Several records 
Frequently observed 
Impala 
* 
** 
* 
* 
* 
* 
* 
* 
** 
*** 
* 
** 
* 
** 
* 
** 
vlilde-
beest 
* 
** 
** 
Zebra 
* 
* 
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Table 38. Woody plants observed to be eaten by grazing ungulates on 
Kempiana and southern areas in Timbavati Nature Reserve, 
July 1964 - August 1968. 
Woody species 
Acacia welwitschit subsp. 
delagoensis 
Acacia exuvialis 
Acacia gerrardii 
Acacia nilotica subsp. 
kraussiana 
Acacia nigrescens 
Acacia senegal var. rostrata 
Albizia harveyi 
Balanites maughamii 
Bolusanthus speciosus 
Carissa bispinosa 
Combretum apiculatum 
Combretum hereroense 
Combretum imberbe 
Combretum collinum 
Combretum zeyheri 
Commiphora fricana 
Dalbergia melanoxylon 
Ehretia rigida 
Euclea divinorum 
Gardenia spatulifolia 
Grew i a bi col or 
Grewi a fl ava 
Grewia flavescens 
Maerua angolensis 
Manilkara mochisia 
Pavetta sp. 
Peltophorum africanum 
Rhoicissus tridentata 
Rh us g ue 11 i n z i i 
Schotia brachypetala 
Schotia transvaalemsis 
Securinega virosa 
Spirostachys africana 
Terminalia sericea 
Trichila emetica 
Turraea obtusifolia 
Ziziphus mucronata 
* 
** 
*** 
Single record 
Several records 
Frequently observed 
Giraffe 
** 
** 
** 
* 
*** 
* 
** 
** 
*** 
*** 
*** 
*** 
** 
** 
** 
*** 
* 
* 
* 
** 
* 
** 
*** 
** 
*** 
* 
* 
* 
* 
*** 
Kudu 
** 
*** 
** 
*** 
** 
* 
* 
** 
** 
* 
* 
** 
* 
*** 
** 
* 
*** 
** 
*** 
Impala 
* 
* 
** 
* 
** 
* 
** 
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Table 39. Functional responses (preference, avoidance or non-
significance) of ungulates to quantitative ecological 
gradients, Kempiana study area. 
Ecological 
gradient * Impala Wilde- Zebra Giraffe Kudu Water- Wart-beest buck hog 
+ 0 0 + 0 + + 
2 + + ·+ 0 0 
3 + + + + 0 + 
4 + 0 0 0 0 
5 0 0 0 0 
6 + + + 0 0 0 0 
7 0 0 0 0 0 
8 + + + + 0 + + 
9 0 0 + 0 0 0 0 
10 + 0 0 0 0 + 0 
* represented by principal components - see Table 14 for explanation 
of gradients 
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All seven principal ungulate species on Kempiana occur throughout 
a wide geographical range in Africa with great variations in climate 
and microclimate, and they are therefore easily capable of adapting to 
much greater variation than would be found between habitats on Kempiana. 
Vegetation analyses indicate that all habitats are capable of providing 
forage of sufficient quantity and quality to sustain ungulate populations, 
should they make use of such habitats. Water plays no direct role in 
determining ungulate distribution in this case, since the animals are 
mobile enough to reach it temporarily and return to their selected areas. 
Habitat selection, therefore, appears to be essentially a psychological 
or behavioral response, as has been demonstrated for birds (Lack 1933, 
Kendeigh 1945, MacArthur and MacArthur 1962, Klopfer 1963) and small 
manmals (Wecker 1963). The behavioral response appears to be keyed to 
different structural habitat features, such that the ungulates avoid 
interspecific competition to a large extent and thereby optimize their 
specific niches. 
COMMUNITY ENERGETICS 
Grazeable Herbaceous Forage Standing Crops 
As described under Methods, only the above-ground portions of the 
herbaceous synusiae within each community were sampled quantitatively 
for standing crop. The terms "standing crop", "biomass" and "net 
production" used henceforth refer only to the above-ground portions 
of this vegetation. 
Standing crops of grasses and forbs (Table 40) vary considerably 
between vegetation types as a result of soil differences and different 
vegetative composition. Surprisingly, sandy soils in general support 
higher herbaceous standing crops than do clay soils, although this 
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effect is almost entirely due to different graminaceous species composition. 
Ungulate utilization also affects standing crops by forage removal and 
the mechanical effects of trampling and formation of grass litter. The 
latter effect is most noticeable in the dry season when larger ungulate 
populations are supported. 
The variations between vegetation types in the same year are at 
least equalled by variations within types in different years (Table 40). 
A drop of 44 percent in annual precipitation from 516 nm in 1966/67 to 
288 mm in 1967/68 resulted in a 30 to 70 percent decline in herbaceous 
standing crops in most vegetation types. 
Much of the seasonal growth is converted into grass litter and this 
is particularly true for some of the tall-grass types. Soil erosion, a 
very common occurrence in tropical and subtropical Africa, is not prevalent 
on Kempiana, primarily due to the large amounts of grass litter deposited 
and the subsequent good soil binding. Standing crops of grasses and 
Table 40. 
August 
1966 
May 
1967 
August 
1967 
May 
1968 
August 
1968 
Herbaceous forage standing crops and ground litter bior~ss in Kemoiana vegetation types exposed to grazing, 
August 1966 - August 1968. All figures exoressed as kgs/ha ! 951 confidence limits . 
CM CMTT DA DACV OATS PS PSAG 
Standing crop 1051 + 140 1278 + 89 1912 + 182 1015 + 80 966 + 147 1694 + 143 789 + 49 
1 itter 1746 + 99 1925 + 77 2575 + 149 2394 + 203 2400 £ 446 3010 + 289 1856 + 104 
Standing crop 2082 + 295 2430 + 155 1800 + 192 1690 + 144 959 + 156 3306 + 245 1128 + 54 
1 itter 1448 £ 94 1820 £ 78 1526 + 90 1392 +99 865£136 2~70 + 19~ 1020 + 43 
0 
Standing crop 1089 + 166 1383 + 90 1820 + 270 621 + 59 350 + 50 2430 + 143 480 + 20 
litter 1295 £ 74 1692 + 88 2230 £ 185 1961 £ 110 1679 £ 268 3214 £ 275 1179 + 43 
Standing crop 1116 + 140 1515 + 96 993 + 112 569 + 54 296 + 37 1739 + 70 547 + 31 
litter 1892 + 99 1526 + 54 1560 + 72 520 £ 36 475 + 59 3682 £ 278 778 + 46 
Standing crop 704 + 92 1195 + 91 657 + 83 484 + 56 271 + 46 1601 + 121 468 + 28 
litter 1322 + 61 1318 + 54 1620 + 76 737 + 55 397 £ 63 4050 + 285 899 + 37 
CA CAAG ED EDAN TT TTEC 
1918 + 213 2560 + 246 1166 + 101 1262 + 184 2396 + 221 4104 + 432 
1963 £ 299 2447 £ 209 2394 £ 202 2636 £ 361 2261 £ 207 961 £ 116 
1423 + 146 1764 + 120 1872 + 176 1399 + 126 2896 + 262 3369 + 349 
1531 :£ 215 1600£119 163·1 £ 182 1071 + 280 1865 + 207 3059 + 423 
527 + 66 1708 + 137 821) + 77 1029 + 132 1932 + 174 3129 + 192 
1573 £ 199 2134 £ 240 2093 £ 192 2078 + 302 2078 + 123 1336 + 189 
516 + 43 1132 + 84 56•3 + 52 397 + 48 1614 + 170 1560 + 132 
551 I 41 1322 + 101 1009 £ 98 504 + 57 1558 + 163 1930 £ 293 
509 + 32 1029 + 72 581 + 47 787 + 52 1486 + 151 1535 + 148 
1049 £ 68 1192 £ 123 1233 £ 120 1168 + 149 1412 £ 172 1443 + 206 
...... 
N 
forbs may be less after the v1et season than before, due to loss to 
litter, even though the herbaceous synusia has been productive. Al-
though litter biomass varies from year to year, the variation is not 
as great as might be expected from the different amounts of litter 
deposited. This suggests a high initial break-up and decomposition, 
followed by a slower rate of decomposition once a certain biomass has 
been reached. 
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Most of the standing crop forages have a gross energy content of 
between 4 and 5 kcals/gm (Table 41). The savanna tyoe OATS is lower 
than the others due to the predominance of fibrous forbs in the herbage. 
Herbaceous forage in the evergreen woodland (type ED) has a high forage 
gross energy content due to the predominance of Panicum maximum (Buffalo 
Grass) which is succulent and has a high sugar content. In most types 
there is a small decline in energy content during the dry season, al-
though some even show a slight increase. 
Net Production of Grazeable Herbaceous Forage 
Herbaceous standing crop magnitude is apparently a poor indicator 
of herbaceous productivity, since production is highest in both tall-
and short-grass vegetation types (Table 42). · The highest production 
was attained by the evergreen woodland with its dominant Panicum layer, 
where the mean production during the active growth season was 10.6 kgs/ha 
per day and averaged 1278 kcals/gm per year for the entire year (including 
the dry season-no plant growth). Production values given in Table 42 
are composite rates computed for the entire growth season or entire year 
as the case may be; actual daily rates wefe undoubtedly much higher at 
optimal times of growth. 
Table 41. Mean@ gross energy content of pooled herbaceous forage 
samples {grasses+ forbs) from each vegetation type 
on Kempiana. 
Post-growth Post-dry 
Corrrnun i ty season season 
kcals/gm kca 1 s/ gm 
CM 4.16 + 0.08 4.08 + 0.09 
CMTT 4.41 + 0.24 4.51 + 0.18 
DA 4.40 + 0.08 4.09 + 0.08 
DACV 4.33 + 0.05 4.50 + 0.08 
DATS 3.82 + 0.46 3.72 + 0.38 
PS 4.65 + 0.09 4.11 + 0.08 
PSAG 4.44 + 0.10 4.43 + 0.11 
CA 4.99 + 0.23 5. 12+0.16 
CAAG 4.63 + 0. 17 4.30 + 0.19 
ED 5.15 + 0.07 4.25 + 0. 12 
EDAN 4.59 + 0. 18 4.49 + 0. Hi 
TT 4. 61 + 0.23 4.54 + 0.20 
TTEC 4.81 + 0.24 4. 17 + 0.34 
@Mean+ 95% confidence limits 
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Table 42. Measured net production a(:!:. 95% confidence limits) of herbaceous forage (grasses and forbs) in vegetation types 
on Kempiana, measured in grazing proof enclosures, 1966/1967 and 1967/1968. 
Net production during growth season 
Year Preci p. Growth Vege- Total Daily On energy 
Net P2oduction for whole yea2b kcals/m per Kcals/m per 
IT1Tl season tat ion kgs/ha kgs/ha b~sis kcals/ year year 
days type per day m per day 
1966/67 5156 257 CM 1031 + 162 4,0 + 0,6 l ,6 + 0 ,3 420 l,2 
CMTT 1300 + 174 5,1 + 0,7 2,3 + 0,3 580 1 ,6 
DA 2017 + 206 8,0 + 0,8 3,4 + 0,3 869 2,4 
DACV 2403 + 341 9,4 + l,3 4, l + 0 ,6 1061 2,9 
OATS 1520 + 245 6,0+1.0 2,3 + 0,4 580 1 ,6 
PS 1632 + 242 6,4 + 0,9 2,6 + 0,4 670 l ,8 
PSAG 699 + 279 2,7+1,l l ,2 + 0,5 310 0,3 
CA 1105 + 181 4,3 + 0,7 2,2 + 0,4 566 1 ,6 
CAAG 1343 + 254 5,2+1,6 2,4+0,5 622 l , 7 
ED 2719 + 560 10,2 + 2,8 5,0 + 1,0 1278 3,5 
EDAN 1915 + 753 7,5 + 2,9 3,3+1,5 859 2,4 
n 1728 + 251 6, 7 + 1 ,6 3, 1 + - ,4 785 2,2 
TIEC 2219 + 367 8,6:£1,4 3,6 :£ 0,6 926 2,5 
1967/68 2870 235 CM Trc Tr Tr Tr Tr 
CMTT Tr Tr Tr Tr Tr 
DA 1439 + 209 6,1 + 0,9 2,6 + 0,4 611 l , 7 
OACV 538 + 73 2,3 + 0,3 1 ,0 + 0, 1 238 0,7 
OATS 457 + 78 l ,9 :£ 0 ,3 0,7 :£ 0,1 172 0,5 
PS Tr Tr Tr Tr Tr 
PSAG 560 + 117 2 ,4 :!:. 0 ,5 1,1:!:.0,2 249 0,7 
CA Tr Tr Tr Tr Tr 
CAAG 1087 + 179 4,6 + 0,3 2,1 + 0,4 504 1, 4 
ED 1414 + 247 6 ,0 + 1, 1 2.8 + 0,5 665 1,9 
EDAN 303 + 92 1 ,3 + 0 ,4 0,6 + 0,2 136 0,4 
n 314 + 42 l,3+0,2 0 ,6 + 0, 1 142 0,4 
TIEC 202 + 21 0,9 £ 0,1 0,4 £ Tr 84 0,2 
a Estimates of net production are minimal - do not include vegetation removed between harvesting in exclosures by small mammals, etc. 
b Includes dry season (no active plant growth) 
c Production too low to be measured by harvesting method 
N 
.+:>, 
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In most vegetation types, seasonal net production in a good rainfall 
year at least equals the standing crop present at the corrvnencement of 
I 
the growth season, and in some cases exceeds it by several-fold. Pro- . 
duction is here obviously related to factors such as soil type, vege-
tative composition, standing crop and extent of animal utilization. 
However, rainfall and soil moisture undoubtedly olay the major roles. 
Net production in 1966/67 with a total precipitation of 516 mm (close 
to the long-term average) was generally high in most vegetation types, 
but dropped dramatically in 1967/68 under a precipitation of 288 mm. 
Production was close to zero in four types in 1967/68, each of the four 
types being only lightly utilized in the previous dry season; the best 
production in the same year was achieved by those types on clay soils 
with superior moisture-holding characteristics. 
Ungulate Standing Crop and Secondary Production 
Growth curves relating weight to age (Figs. 22 to 28) were used 
to determine mean weights and mean production rates for the various 
age and sex classes of each ungulate species (Table 43). Since data 
for full-grown female animals were derived from shot specimens which 
were in most cases pregnant, the mean production rate for this age 
class includes the increment due to fetal growth. 
When the species components of a mixed ungulate population vary 
greatly in size and weight, biomass is a more valid indication of 
importance in relation to impact on the vegetation than are simple 
densities. Table 44 su1T1T1arizes the mean monthly biomasses supported by 
Kempiana during the study period. Total biomass on the range varied 
from a low fo 22.9 kg/ha in February to a high of 87.1 kg/ha in September, 
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Figure 22. Growth curves for male and female impala constructed 
from Von Bertalanffy growth equation fitted to best 
available mean weights for each age class. Range of 
measured weights also indicated when available. 
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Figure 23. Growth curves for male and female wildebeest constructed 
as in Fig. 22. 
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Figure 24. Growth curves for male and female zebra constructed as 
in Fig. 22. 
1400 
1200 ~ _ 9- o ,01st -0.2~ 2 ": BW = 
(!) 1200 i : BW = BOO~ - e- o-01et.-o ·a j2 
~ 
~ 1000 
....... 
3 T I ID I i ...... I 
.... I 
:J:: J. 
~ 600 ... 
3 
>-
0 
0 
ID 
200 
0 12 24 36 48 60 72 
AGE IN MONTHS 
F;gure 25. Growth curves for male and female giraffe constructed 
as in Fig. 22. 
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Figure 26. Growth curves for male and female kudu constructed 
as in Fig. 22. 
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Figure 27. Growth curves for male and female waterbuck constructed 
as in Fig. 22. 
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Figure 28. Growth curves for male and female warthog constructed 
as in Fig. 22. 
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Table 43. Ungulate mean body weights and mean weight increment rates. 
Values derived from age-weight curves. 
Species Sex/age category Mean body Weight increment 
weight kg rate kg/month 
Impala Full-grown males1 60 0.86 
Full-grown females1 44 0.41 
Full-grow2 + part-grown
females 42-43 0.50 
Part-grown males 39-43 1 . 21 
Part-grown females 33-41 0. 73
Juveniles both sexes 11-35 2. 13
Wildebeest Full-grown males1 220 0.50 
Full-grown females 1 177 0.27 
Part-grown both sexes 109-139 2 .. 77 
Juveniles both sexes 16-109 8.40 
Zebra Full-grown both sexes 259 0.41
Part-grown both sexes 197 5.49 
Juveniles both sexes 66 10.40 
Giraffe Full-grown males 1180 3.05 
Full-grown females 780 1.80 
Part-grown males 748 25.30 
Part-grown females 520 16. 10
Juveniles both sexes 285 35.83
Kudu Full-grown males 1 250 0.54 
Full-grown females1 163 0.36 
Part-grown males 154 8. 13
Part-grown females 100 4.99
Juveniles both sexes 41 9.99
Waterbuck Full-grown males1 222 0.36 
Full-grown females1 163 0.36 
Part-grown males 136 7.54 
Part-grown females 100 4.99 
Juveniles both sexes 38 9. 90 
Warthog Full-grown males1 79 0. 18
Full-grown females1 68 0. 14
Part-grown both sexes 35 0.36
Juveniles both sexes 11 0.36
includes 20 percent subadults which are still growing 
2 cannot easily be distinguished in field censuses, April-November
Table 44. Mean rronthly ungulate biomasses (kg/ha) measured on Kempiana during study period 
Month Impala Wilde- Zebra Giraffe Kudu 
beest 
Sept 66 l l. 0 18.9 3.4 4B. l l. 9 
Oct 66 7.3 7.1 l. 3 26.4 l. l 
Nov 66 9.7 7.3 l. 7 21. l l.2 
Dec 66 10.9 7.7 l. 3 ll. 5 l. 6 
Jan 67 10.8 8.3 3.0 49.5 l. 7 
Feb 67 6.5 5.2 l. 9 31.0 l.O 
Mar 67 2.9 3.9 0. l 12.7 2.5 
Apr 67 7.7 9. l 2.6 25.0 2.5 
May 67 6.5 14. l 5. l 20. 5 2.1 
June 67 13. l 14.6 7.1 1 f.. 4 l. 1 
July 67 10.4 15.4 3.4 16.3 5.0 
Aug 67 No censuses made 
Sept 67 10.9 19.9 3.7 49.3 2.6 
Oct 67 12.2 9.0 l.6 23.5 0.6 
Nov 67 10.4 13. 4 4.7 16.8 l.6 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 5.9 11. 0 l.6 8.4 3.5 
Mar 68 5. l 5.6 5.4 9.6 2.7 
Apr 68 l l. 0 l 0. 4 l. 8 23. 2 4.0 
May 68 10.2 16.8 8.6 11. 5 l. 9 
June 68 8.2 34.6 4. l 17 .2 7.2 
July 68 10.9 23. 1 15. 1 23.6 3.0 
Aug 68 16. 9 25.0 9.3 21.4 2.6 
~later- Warthog 
buck 
0.6 0. 8 
0. l 0. 4 
0. 2 0. 2 
0.3 0. 4 
0.8 0. l 
0. 3 0. 0 
0.5 0.3 
1.4 0. l 
l.2 0.4 
1. 1 0.3 
l. 2 0.5 
0.2 0.4 
0. 1 0.6 
0. 3 0. 5 
0.9 0.9 
l.6 0.5 
0.7 0. 8 
0.4 0.6 
0. 4 0.8 
0. l 0.7 
0.7 0.9 
Tot a 1 
84.2 
43.8 
41. 5 
30 .. 8 
74. 2 
45. 9 
22.9 
43:4 
49.8 
' 
53. 7 
52.3 
87. l 
47.7 
47.7 
32.2 
30.6 
51. 8 
49.3 
72.5 
76.6 
76.9 
w 
.;:::. 
at the end of the dry season. Sustained total biomass during the rainy 
season was of the order of 40 kg/ha, rising to 65 kg/ha during the dry 
season. The biomass supported by Kempiana is some five times greater than 
that measured for East African Acacia and Brachystegia woodland (Lamprey 
1964) or for the woodland and forest regions in Kafue National Park, 
Zambia (Dowsett 1966), and generally higher than that supported by East 
African scrub savanna and semi-arid grassland except for those areas 
supporting large ungulates such as buffalo. The mean dry season biomass 
on Kempiana approximates the mean large ungulate biomass of 63.0 kg/ha 
supported by the Nairobi National Park (Foster and Coe 1968). The 
Kempiana mean biomass is considerably less than the 100-200 kgs/ha 
measured for savanna grassland in East and Central Africa (Bourliere 
and Verschuren 1960, Lamprey 1964), although the bulk of the latter is 
made up by species such as elephant, hippopotamus and buffalo. 
Giraffe, which are browsers, constitute the bulk of the ungulate 
standing crop on Kempiana during most of the year. Among the grazers, 
wildebeest normally maintain the highest biomass, with impala a close 
second. Waterbuck and warthog contribute little to total ungulate 
biomass. 
Secondary production measured on the area (Table 45) varied from 
a low rate of 0.47 kcal/m2 per year (p.001 kcal/m2/per day during 
November to a high of 1.74 kcal/m2 per year, (0.005 kcals/m2/per day) 
during August. At most times of the year impala contributed most to 
total ungulate productivity by virtue of their high densities (39 to 76 
percent of total ungulate density) and relatively rapid growth rate. 
Wildebeest production was high in some months when densities were appre-
ciably higher than at other times. 
.Table 45. Rates of ungulate secondary production (kcals/m 2 per year) measured on Kempiana during study period 
Month Impala Wilde- Zebra Giraffe Kudu Water-
bee st buck 
Sept 66 0.26 0.22 0.05 0.36 0.03 0.02 
Oct 66 0. 17 0.06 0.02 0.22 0.01 Tr 
Nov 66 0.23 0.06 0.02 0. 14 0.02 Tr 
Dec 66 0.30 0.08 0.02 0.09 0.03 0. 01 • 
Jan 67 0.54 0.20 0.06 0.31 0 0. 01 0. 01 
Feb 67 0.33 0. 17 0.03 0 .18 Tr Tr 
Mar 67 0.09 0.09 Tr 0.18 0.09 0.02 
Apr 67 0.34 0.35 0.04 0. 19 0.06 0.03 
May 67 0.26 0.43 0.08 0.20 0.06 0.04 
June 67 0.63 0.32 o. 12 0. 17 0.08 0.05 
July 67 0.48 0.30 0.09 0.14 0.14 0.05 
Aug 67 No censuses made 
Sept 67 0.34 0. 21 0.02 0.36 0.05 0. 01 
Oct 67 0.32 0.07 Tr 0.14 0.01 Tr 
Nov 67 0.30 0. 14 0.05 0 .16 0.03 Tr 
Dec 67 No censuses made 
Jan 68 No censuses made 
Feb 68 0.26 0.29 0.02 0.06 0.13 0.03 
Mar 68 0.20 0.13 0.07 0.05 0.06 0.06 
Apr 68 0.46 0.40 0.04 0.26 0. 17 0.02 
May 68 0. 52 0.39 0.11 0. l O 0.04 0.01 
June 68 0.37 0.88 0.33 0.14 0.22 Tr 
July 68 0.39 0.62 0. 23 0.23 0.10 Tr 
Aug 68 0.74 0.58 0.13 0.20 0.06 0.02 
\.Jarthog 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
0.01 
Tr 
0. 01 
Tr 
0.01 
0. 01 
Tr 
Total 
o. 95 
0.49 
0.47 
0.52 
l . 13 
0.71 
0. 48 
l. CJ 
1. G7 
1. 36 
1. 21 
0. 99 
0. 54 
0.63 
0. 81 
0.58 
l. 2: 5 
l. 16 
l.05 
l. 57 
l. 7~ 
w 
0-, 
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The overall secondary oroduction rate for the 2-vear study period 
was 0.97 kcals/m2 per year (0.003 kcals/rn2 per day) produced from a 
mean standing crop of 7.46 kcals/m 2. These are slight underesti~ations 
since they do not take into account the small species such as suiker and 
steenbok, or incidential species such as elephant, buffalo or square-
lipped rhinoceros. Only one other value for secondary production by a 
mixed ungulate population in African savanna is available, viz. a 
minimum value of 1.36 kcals/m 2 per year calculated by Wagner (1969) 
from data cited by Dasmann (1964) for extensively managed ungulates in 
Rhodesian Lowveld. Wagner (op cit.) also gives a production rate of 
0. 15 kcals/m2 per year for wildebeest on East African grassland, computed 
from data cited by Talbot and Talbot (1963); this compares to a mean 
production of 0.28 kcals/m2 per year for Kemoiana wildebeest. 
Petrides and Swank (1966) measured a production rate of 0.34 kcals/m 2 
per year for elephants in grassland in the Queen Elizabeth National Park, 
Uganda, and du Plessis (1972) measured a value of 1.97 kcals/m2 per year 
for a managed blesbok Damaliscus dorcas herd on Transvaal grassland. 
From data on stocking rates and marketing practices (J. W. Verbeek, 
personal communication), the secondary production of range cattle in 
lowveld vegetation, similar to that on Kempiana, has been calculated to 
be 0.08 kcals/m2 per year from a standing crop of 7.5 kcals/m2. The 
superior productivity of wild ungulates as compared to cattle in the 
Lowveld is due to superior reproductive rates, higher densities of 
smaller sized animals (resulting in the same biomass) and considerably 
better growth rates. 
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Energy Flow Through Grazing Ungulate Pooulations 
tlet primary production figures for herbaceous vegetation in each 
of 14 vegetation types on Kempiana were obtained for the 2 year study 
period. The fourteenth community--the river reedbeds--\'1as not utilized 
by ungulates for grazing to any noticeable extent, and was not sampled. 
Secondary production figures have been estimated for each for the 
seven principal ungulate species. Two of these, giraffe and kudu, are 
for all practical purposes exclusive browsers. Impala are frequently 
classed as mixed feeders, but on Kempiana I found the mean percentage 
detectable browse in 15 content samples, collected in all seasons of 
the year, to be 10.4 + 5.2 (95 percent confidence limits). Wildebeest, 
zebra, waterbuck and warthog have been taken as exclusive grazers, al-
though warthog were seen rooting in some areas. 
From quantitative comparisons of exclosed and grazed herbaceous 
vegetation ~,ithin each community, the amounts of vegetation removed by 
grazing ungulates during two wet seasons and two dry seasons were es-
timated (Table 46). Although the incidence of feeding by observed un-
gulates was recorded, those observations are heavily time-dependent, and 
quantification does not give an accurate impression of forage removal 
within each community by each grazing species. Due to the high variability 
encountered in clip-plot sampling of grasses and forbs (coefficient of 
variation varying from 50 to 100 percent), a low level of removal by un-
gulates could not be detected in some communities, even though grazers 
were preserit there and were in fact seen feeding. The energy flow has 
thus been measured from the total area to each grazing ungulate population. 
Digestibilities of the pooled forages from each community ~,ere 
determined by the in vitro technique (Table 47). Results from in vitro 
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Table 46. Amounts of above-ground herbaceous forage removed (kgs/ha/ 
day) by grazing ungulates in each community type on 
Kempiana, September 1966 - August 1968. 
Community Sept. 66 June 67 Sept. 67 June 68 
- May 67 - Aug. 67 - May 68 - Aug. 68 
CM 0.0 2.6 0.0 5.5 
CMTT 0.0 4. l 0.0 n.o 
DA 1.4 0.0 4.0 4.4 
DACV ,. l 3. l 2.0 0.0 
OATS 1. 2 0.0 1.6 0.0 
PS 0.0 0.0 0.0 (). 0 
PSAG ,. 3 0.0 1. 7 0.0 
CA 2.8 0.0 0.0 0.0 
CAAG 1.9 0.0 2.8 (). 0 
ED 1. 7 0.0 3.4 0.0 
EDAN 0.0 0.0 1.4 0.0 
n 0.0 0.0 2.2 0.0 
TTEC 3.4 0.0 4.2 0.0 
Whole area 1. l 1. 6 1.0 1. 3 
Table 47. Highest percent digestibilities obtained with an in vitro 
digest method on pooled forage samples from each community 
on Kempi ana 
Pre-growth-season Post dry-season 
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Corm,un ity percent digestibility percent digestibility 
CM 50.3 42.9 
CMTT 40.0 37.8 
DA 48.7 40.9 
DACV 55.4 5 J • 1 
OATS 40.3 42.1 
PS 56.7 47.7 
PSAG 38.0 37.6 
CA 52.4 41. 9 
CAAG 58. l 41. 9 
ED 50.2 53.6 
EDAN 51. 3 49.8 
TT 59.9 57.2 
TTEC 55.4 43.5 
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digests v1ere erratic, probably due to variat i ons in the rumen 
liquor used and the difficulty in maintaining complete anaerobiosis in 
incubated samples. Figures quoted were the highest obtained after 
several digest attempts on each pooled comnunity sample. Results from 
in vitro techniques usually underestimate the digestibility as measured 
in vivo (J. Richards, C. R. van der Merwe, personal communications). 
As digestibilities of Lowveld range grasses are not obtainable from 
other sources, the in vitro values have been used in computing amounts 
of digestible energy available to the grazing ungulates from the in-
gested forage. A poor correlation exists between the digestibility 
and the gross energy content of the pooled forage samples ( 11r 11 = 0.37, 
0.1 < p < 0.5). 
Since specific ingestion and assimilation could not be measured, 
the total amounts of energy ingested and assimilated by grazing ungulates 
during the four periods were approtioned to each grazer population on 
the basis of the mean metabolic size of each oooulation using the area 
during the periods, computed as mean numbers x mean body weight 3/4 
(Table 48). 
Total digestible energy was apportioned in the same way. Assimilated 
energy was converted to metabolizable energy on the basis that the latter 
is approximately 82 percent of the former in most ruminants (Blaxter 1962). 
Metabolizable energy thus computed (Table 49) should compare closely to 
energy expenditure computed from densities and body weights of the popu-
lation components (Table 50). Several of these estimates are close, some 
differ by as much as 30-40 percent. The difficulty in attaining accurate 
sampling in heterogeneous vegetation is probably the main cause of the 
larger divergences. 
Table 48. Percenta~e contributions by specific grazers to total 
ener~v expended by grazing ungulates on Kempiana, 
September 1966 - August 1968 
Species 
Impala@ 
Wildebeest 
Zebra 
Waterbuck 
Warthog 
Sept. 66 
- May 67 
46.8 
39.7 
9.2 
2.8 
,. 4 
June 67 
- Aug. 67 
40.0 
44.5 
11. 7 
2. 1 
1. 7 
@ adjusted for 10 percent browsing 
Sept. 67 
- May 68 
40. 1 
42.8 
11.4 
2.4 
3.3 
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June 68 
- Aug. 68 
28.3 
50.3 
18.6 
0.8 
1.9 
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Table 49. SuTTTT1ary of energy ingested, assimilated ~nd metabolized 
by grazing ungulates on Kempiana (kcal/m per year) 
---
Period Impala Wilde- Zebra Water- Wart- Total 
beest buck hog 
Sept. 66- Ingested 40.0 33.9 7.9 2.4 ,. 2 85.4 
May 67 Assimilated 21. 1 17. 9 4.2 ,. 3 0.6 54. 1 
Metabolized 17.3 14.7 3.4 ,. 1 0.5 37.0 
June 67- Ingested 109. 9 122.3 32. 1 7.7 3.8 274.7 
Aug. 67 Ass i mi l a ted 47.2 52.5 13. 8 2.5 2.0 118.0 
Metabolized 38.7 43.1 11 .3 2. l ,. 6 96. 7 
Sept. 67- Ingested 66.7 71. 2 19.0 4.0 5.5 166.3 
May 68 Assimilated 35.3 37.7 10.0 2. l 2.9 88. 1 
Metabolized 28.9 30.9 8.2 ,. 7 2.4 72. 2 
June 68- Ingested l 04. 0 184.9 68.4 3.0 7.0 367.6 
Aug. 68 Ass i mil a ted 44.4 79.0 29.2 ,. 3 3.0 157 .o 
Metabolized 30.4 64.8 23.9 ,. l 2.5 128.7 
Mean wet Ingested 54. 8 52.0 13. 0 3.3 3.0 125.9 
season Assimilated 29.0 27.5 6.8 ,. 7 ,. 6 66.6 
Metabolized 23.8 22.6 5.6 1.4 ,. 3 54.6 
Mean dry Ingested l 09. 9 152.2 48.5 4.8 5.8 321.2 
season Assimilated 47.0 65.2 20.8 2. l 2.5 137.5 
Metabolized 38.5 53.5 17. l ,. 9 1.2 112. 5 
Overall Ingested 86.7 99.0 28.4 4.5 4.7 223.5 
Mean Assimilated 39.6 45.2 13.0 2.0 2. l l 02. l 
Metabolized 32.5 37. l 10.6 ,. 7 1.8 83.7 
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Table 50. Estimated seasonal energy expenditure (kcals/m 2 per year) 
by ungulate populations on Kempiana over 2-year period 
Sept. 66 June 67 Sept. 67 June 68 
Species - May 67 - Aug. 67 - May 68 - Aug. 68 
Impala 24.9 35.0 25.5 36.6 
Wildebeest 19.0 35.0 24.5 58.4 
Zebra 4.4 9.2 6.5 21.6 
Giraffe 36.6 35.6 23.7 28.5 
Kudu 3.4 5.8 4.8 7.8 
Waterbuck l.4 l. 7 l.4 l.O 
Hart hog 0.7 l. 3 l. 9 2.2 
Total 90.4 125. 6 88.3 156. 1 
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During the wet roonths, September through Ma.v, impala and wildebeest 
contributed about equally to total energy flov,. Zebra, waterbuck and 
warthog contributed relatively minor proportions. During the dry months, 
wildebeest energy flow was appreciably higher than that for all of the 
others due to the high dry season influxes. Energy flow to waterbuck 
and warthog is low, but is subject to less fluctuation throughout the 
year. The over a 11 energy ingested by grazers in the 2-year study period 
was 223.5 kcals/m2 per year (0.6 kcals/m2 per day), while assimilation 
was estimated to be 102-1 kcals/m2 per year (0.3 kcals/m2 per day), and 
total metabolizable energy 83.7 kcals/m2 per year (0.23 kcals/m2 per 
day). The latter mean figure is some 20 percent higher than the mean 
total energy expenditure computed from population densities and body 
weights, viz. 68.6 kcals/m2 per year (0.19 kcals/m2 per day). The mean 
energy expenditure for grazers plus browsers was estimated to be 85.7 
kcals/m2 per year (0.24 kcals/m2 per day) and so assimilated energy, if 
it could have been measured for all ungulates on the same basis as it 
was for the grazers, would probably have been in the vicinity of 105 
kcals/m2 per year (0.3 kcals/m2 per day). 
Ungulates consume less than one-fourth the herbaceous net primary 
production during the 9-month wet season, but consume more than four-
fifths over the whole year. The dry season ingestion rate is some 2.5 
times the wet season one, owing to the increase in numbers of animals. 
The energy standing crop of grazing ungulates is only about 1/400 
the herbaceous standing crop in the wet season and approximately doubles 
to 1/200 in the dry season. Grazer secondary production in the wet 
season is less than 0. 1 percent of the net primary herbaceous production, 
and improves to 0. 15 percent on a year-round basis. The proportion 
between net primary browse production and secondary production of 
browsing ungulates is probably no greater than the latter figure. 
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MANAGEMENT CONSIDERATIOtlS 
The ecological, sociological and economic implications in the 
management of the big-game resource in East and Central Africa have 
been discussed by Huxley (1961). Petrides and Swank (1960) list the 
principal values of the big-game resource and their natural habitats 
in East Africa as cultural, economic, recreational, food productive 
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and/or genetic. To this I would add scientific values . The International 
Biological Program has already demonstrated the value of studying natural 
areas relatively unchanged by human exploitation, especially for com-
parative purposes. 
Although the levels of agricultural, economic and social development 
in South Africa are considerably advanced over those in East and Central 
Africa, the big-game resource in South Africa, and especially in the 
Lowveld region, maintains essentially the same values listed above. A 
major portion of the Transvaal Lowveld is taken up by the 19,000 km2 
Kruger National Park, and substantial areas are occupied by provincial 
and private nature reserves, maintained for their recreational and economic 
values and as sources for big-game restocking. 
Cropping and marketing wild ungulates is carried out to economic 
advantage in many Transvaal ranching and farming areas (Riney and 
Kettlitz 1964), but game production in general contributes little to 
total agricultural productivity (Joubert 1969). This need not be the 
case in the Lowveld, however. Because of climatic and vegetational charac-
teristics and very erratic rainfall patterns, the Lowveld as a land re-
source is suited only to extensive ranching (Bonsma and Joubert, 1957). 
However, present cattle breeds have a low level of gross efficiency due 
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to poor adaptability and tropical degeneration (Bonsma and Joubert op cit., 
Bonsma 1970). The present study has indicated that productivity of a 
mixed ungulate population may be anything from 6 to 20 times that of 
range cattle with a comparable biomass. 
Lowveld savanna vegetation is basically diverse because of variable 
topographic and edaphic factors. Superimposed upon this are the effects 
of many species of herbivores ranging in size from insects to elephants, 
the actions of accidental and deliberate fires and the effects of irre-
gular rainfall and heavy run-off. The vegetation is in a constant state 
of change, involving particularly the delicate balance between the woody 
and graminaceous components. Reduction in grass cover by overutilization, 
prolonged drought and the incorrect use of fire lead to a 
marked increase in the density and distribution of fire-resistant shrubs, 
while underutilization and the lack of fire may lead to a gradual 
reduction in the woody components through grass competition in some vege-
tation types but to an increase in non-fire resistant shrubs in others. 
No two vegetation types respond in exactly the same way to fire or other 
ecological factors (Van der Schijff 1964). 
An increase in shrub species such as Ormocarpum trichocarpum, Dalbergia 
melanoxylon and ~cacia exuvialis was evident in localized patches in 
Kempiana1 s savanna parkland, where trampling by ungulates occurred during 
prolonged dry seasons in past years. The woodland vegetation on the 
sandy, acidic soils is normally characterized by a dominant synusia of 
medium and large trees, with a sparse understory of small shrubs. Reduc-
tion in grass cover, particularly near the perennial dams, has been observed 
to lead to marked proliferation of the unpalatable evergreen shrub 
Strychnos pungens to levels where it actually impedes entry by even 
small antelope. 
The alteration of the structural characteristics of a preferred 
habitat will invariably lead to an ungulate species deserting the 
general area or else making use of secondary habitats, which bring it 
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into competition with other species. The present study has shown that 
spatial separation is the chief means of competition avoidance operating 
on Kempiana. Encroachment of woody scrub on the short-grass savanna 
leads to wildebeest seeking the next best habitat - thorn-mixed woodland-
where they may best compete with zebra and impala for the grazing resource. 
Limitation of water during a dry season to the river beds, coupled with 
an incidence of large populations, may lead to heavy utilization of the 
riparian vegetation by wildebeest, zebra and impala. This was apparent 
on Kempiana in late 1962. The consequence is a decrease in grass heiqht, 
increased variability in grass height, lowered ground cover and less 
availability of palatable grasses - all key habitat factors for waterbuck. 
Management of an area such as Kemoiana for optimal ungulate densities 
without habitat deterioration involves the following principles: 
l. Provision of sufficient area. The seasonal movements of ungulates 
from area to area appears to be a well-established evolutionary adaptation 
to avoid habitat overutilization. In the present-day Lowveld, ungulates 
are excluded from much of their former range by fences and ranching 
activities. Restoration of large areas to permit seasonal movements 
will in most cases be impractical, but the retention of the larger blocks 
such as Timbavati merits the constant attention of ecopoliticians. 
2. Population limitation. Only wildebeest in Timbavati appear to 
be predation-limited, while the other species are essentially limited by 
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the food resource (Hirst 1969b). Overutilization of the vegetation with 
consequent structural changes invariably occurs in prolonged dry seasons 
when populations are relatively high. Kempiana is a dry-season range for 
migrant ungulates in Timbavati, and it would aprear that the numbers 
supported during the wet season and during the dry season were not 
excessive. However, management requires consideration of the entire 
Timbavati reserve, and restoration of depleted northern ranges (Hirst 
1964) may require ungulate densities to be held at levels below the 
carrying capacity of the Kempiana dry-season range. 
Population control by artificial measures such as cropping (Das-
mann 1964) or capture and translocation (Riney and Kettlitz 1964, Pienaar 
1968a) have becorre essential management practices in most present-day 
nature reserves in the Lowveld. 
3. Habitat manipulation. This includes the provision of watering 
sites, the use of fire and the use of habitat manipulative procedures 
such as cutting and the application of arboricides. 
Although the present study has shown that in a complex vegetation 
mosaic as Kempiana, the presence of water does not affect the pattern 
of habitat utilization, the number and distribution of waterpoints do 
affect the densities of ungulates in respective parts of the same habitat 
type. Provisions of water in unused areas is the most effective way of 
achieving a more uniform distribution over the whole geographic range. 
The ecological implications in the use of fire in Lowveld vegetation 
are described by Pienaar (1968b). 
151 
SUMMARY 
A study of habitat selection by large wild ungulates was carried 
out on a 50 km2 area in the Lowveld region of the eastern Transvaal 
province, South Africa. Estimations were made of herbaceous forage 
net productivity and ungulate secondary productivity on the same area. 
The climate was sub-tropical with a mean annual rainfall of 566 mm, 
falling mainly in the spring and summer months October through April. 
Rainfall in two study years was 516 nm and 288 mm respectively. ~let-
season temperatures were typically hot, with dry-season temperatures 
some 10 to 20° Clower. 
Soil types were heterogeneous despite their virtually all being 
derived from granite. Vegetation was correspondingly heterogeneous and 
varied in structure and composition from open savanna with sparse tree 
cover through various degrees of wooded savanna and woodland types to 
dense evergreen woodland and thorn-scrub thickets. Fourteen vegetation 
types were delineated by association analysis and represented internally 
structurally and floristically homogeneous soil-vegetation units. Various 
structural and vegetational characteristics, which might have influenced 
selection by wild ungulates, were measured within each vegetation type. 
A number of techniques were used to obtain numerical values for 
habitat characteristics. 
Seven ungulate species were studied, five of them grazers impala, 
wildebeest, zebra, waterbuck and warthog- and two browsers-giraffe and kudu. 
Ungulates were censused in each vegetation type by road-strip sampling. 
The study area supported resident populations of each species during the 
wet season, plus a seasonal population influx in the dry season. Total 
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densities over the whole area ranged from 13 animals/km2 to 67 animals/km2; 
impala made up from 40 to 70 percent of the total ungulate population at 
any one time, wildebeest 10 to 40 percent, and lesser proportions of 
giraffe, zebra, kudu, warthog and waterbuck. Densities of ungulates 
within vegetation types varied considerably; open savanna types generally 
supported monthly densities up to 185 animals/km2, wooded types supported 
fewer animals although vegetation types covering small surface areas 
sporadically supported densities exceeding 300 animals/km2. 
Waterbuck were most selective in choice of habitat, and concentrated 
mainly in the riparian woodland and forest along the banks of the 
Timbavati River, sometimes moving out into adjacent savanna areas. 
Wildebeest were selective for savanna types and open woodland, but 
frequented roost types in smaller numbers. Zebra showed a similar dis-
tribution pattern, but made more use of thorn-mixed woodland types. 
The same vegetation type was preferred by giraffe, which also made use 
of savanna and open vmodland types. Impala were ubiquitous, but showed 
preferences for savanna types and scrub vegetation. Warthog generally 
preferred savanna and avoided woodland. Kudu were non-selective and 
were located in every vegetation type. 
Computerized multiple regression techniques were used to relate 
distribution of ungulates to distribution of vegetational characteristics. 
The functional responses of ungulate numbers to significant characteristics 
were investigated. It was found that each ungulate species had a unique 
combination of characteristics to which it responded in positive or 
negative linear or curvilinear fashion. This was considered to be a 
behavioral response by means of which ungulates achieved a considerable 
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degree of spatial separation and tended to avoid intersoecific competition. 
Feeding competition aroongst the grazers and browsers respectively was 
avoided too by use of different feeding level s . 
Herbaceous forage (grasses & forbs) standing crops in each vege-
tation type were measured by the harvest technique, and were found to 
vary from 350 to 4104 kgs/ha air-dried forage. Standing crops were a 
function of vegetation composition, soils, degree of ungulate utiliza-
tion and rainfall. A 44 percent drop in annual precipitation was re-
flected in a 30 to 70 percent drop in herbaceous standing crop. Net 
primary production, measured in grazing-proof exclosures, in average 
rainfall years approximately equalled the standing crops or exceeded 
them by upto twofold. Measured seasonal production varied from zero 
to 2719 kgs/ha airdried forage. In a poor rainfall year net primary 
production was markedly decreased in all types and fell to near zero 
in vegetation on sandy soils with poor water-holding capacities. Un-
gulates consumed less than one-quarter the net primary production during 
the course of a wet season, but consumed more than four-fifths over 
the course of the full year. 
Ungulate biomass and secondary production were computed from census 
data and age-weight curves. Total ungulate biomass varied with species 
population composition and relative densities, and was of the order of 
40 kg/ha in the wet season rising to 65 kg/ha in the dry season. Secon-
dary production of the mixed ungulate population varied correspondingly 
and ranged from 1.3 x 10-3 kcal/m2 per day at low densities to 4.8 x 10-3 
kcal/m2 per day at high densities. Overall production rate for the 2-
year study period was 0.97 kcals/m2 per year from a mean standing crop 
of 7.46 kcal/m2. 
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APPENDIX l 
Acanthaceae 
Aizoaceae 
Amarantaceae 
Anacardiaceae 
Apocynaceae 
Araliaceae 
APPENDIX 1 
TAXONOMIC L ST OF PLANTS ENCOUNTERED ON 
KEMPIANA STUDY AREA 
Barleria elegans S. Moore 
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Blepharis integrifolia (L.f.) E. Mey. 
Chaetacanthus setiger (Pers.) Lindl. 
Crabbea hirsuts Harv. 
Dicliptera clinopodia Nees 
Dyschoriste monroi S. Moore 
D. rogersii S. Moore 
Justicia anagalloides T. Anders. 
J. flava Vahl 
Ruellia cordata Thunb. 
R. patula Jacq. 
Hypertelis salsoloides (Burch.) Adamson 
Trianthema salsoloides Oliv. 
Amaranthus thunbergii Moq. 
Cyphorcarpa angustifolia (Moq.) Lopr. 
Gomphrena celosioides Mart. 
Hermbstaedtia odorata (Burch.) T. Cooke 
Pupalia lappacea (L.) Juss. 
Sericorema sericea (Schinz) Lopr. 
Lannea discolor (Sond.) Engl. 
L. s tu h 1 man n i i ( Eng 1 . ) Eng 1 . 
Ozoroa engleri R.&A. Fernandes 
0. sphaerocarpa R&A. Fernandes 
Rhus gueinzii Sond. 
R. rehmanniana Engl. 
Sclerocarya caffra Sond. 
Carissa bispinosa (L.) Desf. ex Brenan 
Cussonia spicata Thunb. 
Asclepiadaceae Cara 11 uma rogers ii ( L. Bo 1.) E. A. Bruce 
& R. A. Dyer 
Raphionacme burkei N. E. Br. 
R. elata N. E. Br. 
Boraginaceae 
Burseraceae 
Capparidaceae 
Celastraceae 
Combretaceae 
Conmelinaceae 
Compositae 
Convolvulaceae 
Cordia ovalis R. Br. 
Ehretia rigida (Thunb.) Druce 
Heliotropium ciliatum Kaplan 
H. steudneri Vatke 
H. strigosum Willd. 
Lithospermum cinereum DC. 
Commiphora fricana (A. P.ich.) Engl. 
C. glandulosa Schinz 
C. neglecta Verdoorn 
Cleome monophylla L. 
Maerua angolensis DC. 
M. parvifolia Pax 
Cassine aethiopica Thunb. 
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C. transvaalensis (Burtt Davy) Codd 
May tenus heterophylla (Eckl. & Zeyh.) 
N. Robson 
M. senegalensis (Lam.) Exell 
Putterlickia pyracantha (L.) Szyszyl. 
Combretum apiculatum Sond. 
C. hereroense Schinz 
C. imberbe Wawra 
C. collinum Fresen. 
C. zeyheri Sond. 
Terminalia sericea Burch. ex DC. 
Corrrnelina benghalensis L. 
Aspilia mossanbicensis (Oliv.) Wild 
Dicoma tomentosa Cass. 
Epaltes gariepina (DC.) Steetz 
Geigeria ornativa 0. Hoffm. 
Pegolettia senegalensis Cass. 
Schkuhria pinnata (Lam.) Kuntze 
Vernonia fastigiata Oliv. & Hiern 
V. oligocephala (DC.) Sch. Bip. ex Walp 
V. poskeana Vatke & Hi1debr. var. 
chlorolepis (Steetz) 0. Hoffm. 
Convolvulus farinosus L. 
Evolvolus alsinoides (L.) L. 
Hewitta sublobata (L.f.) Kuntze 
Ipomoea batatas (L.) Lam. 
I. coptica (L.) Roth ex Toem. & Schult. 
I. crassipes Hook 
Merremia tridentat (L.) Hall. f. 
sugsp. angustifolia (Jacq.) Ooststr 
Seddera capensis (E. Mey. ex Choisy) 
Hall. f. 
S. suffruticosa (Schinz) Hall. f. 
Crassulaceae 
Cucurbi taceae 
Cyperaceae 
Dioscoreaceae 
Ebenaceae 
Euphorbiaceae 
Geraniaceae 
Gramineae 
Kalanchoe paniculata Harv. 
K. longiflora Schltr. 
Coccinia rehmannii Cegn. 
Cucumis hirsutus Send. 
Cyperus iria L. 
C. rupestris Kunth 
C. sexangularis Nees 
Fimbristylis hispidula (Vahl) Kunth 
Kyl 1 i nga a 1 ba Nees 
Mariscus indecorus (Kunth) Pedlech 
var. inflatus (C.B.Cl.) Pedlech 
M. vestitus B. Cl. 
Dioscorea cotinifolia Kunth 
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Diospyros mespiliformis Hochst, ex A. DC 
Euclea divinorum Hiern. 
E. natalensis A. DC. 
Acalypha indica L. 
A. petiolaris Hochst. 
A. senens is Kl otsch 
Euphorbia neepolcnemoides Pax & Hoffm. 
Jatropha zeyheri Sond. 
Phyllanthus burchelli Nuell. Arg. 
P. incurvis Thunb. 
P. maderaspatensis L. 
P. parvulus Send. 
P. reticulatus Poir. 
Securinega viresa (Roxb. ex Willd.) 
Bai 11 . 
Spirostachys africana Sond. 
Monsonia angustifelia E. Mey. 
Diheterospogon amplectens (Nees) W. D. 
Clayton 
Aristida congesta Reem. & Schult. 
A. congesta Reem & Schult. subsp. 
barbicollis (Trin. & Rupr.) de Winter 
A. adsecensionis L. 
A. meridionalis Henr. 
Bothriochloa glabra (Roxb.) A. Camus 
B. insculpta (Hochst.) A. Camus 
Pseudobrachiria deflexa (Schum.) Launert 
Brachiria eruciformis (Sibth. & Smith) 
Griseb. 
B. nigropedata (Munro) Stapf 
B. serrata (Spreng.) Stapf 
Cenchrus ciliaris L. 
Gramineae 
(continued) 
Chloris radiata (L.) Swartz 
C. virgata Swartz 
Cymbopogon excavatus (Hochst.) Stapf 
Cynodon dactylon (L.) Beauv. 
Digitaria eriantha Steud. 
D. pentzii Stent 
D. smutsii Stent 
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Enneapogon cenchroides (Licht.) C. E. 
Hubb. 
Enteropogon macrostachys (Hochst. ex A. 
Rich.) Munro ex Benth. 
Eragrostis aspera (Jacq.) Nees 
E. capensis (Thunb.) Trin. 
E. chloromelas Steud. 
E. cilianensis (All.) Lutati 
E. curvula (Schrad.) Nees 
E. gummiflua Nees 
E. heteromera Stapf. 
E. micrantha Hack. 
E. rigidior Pilg. 
E. superba Peyr. 
Eriochloa borumensis Stapf non Hack. 
Eustachys mutica (L.) Cufod. 
Fingerhuthia sesleriaeformis Nees 
Heteropogon contortus (L.) Beauv. 
Microchloa caffra Nees 
Panicum deustum Thunb. 
P. maximum Jacq. 
Perotis patens Gand. 
Phragmites australis (Cav.) Trin. 
ex Steud. 
Pogonarthria squarrosa (Licht.) Pilg. 
Rhynchelytrum repens (Willd.) C. E. Hubb. 
Schmidtia bulbosa Stapf 
Sehima galpini Stent 
Setaria sphacelata (Schumach.) Stapf & 
C. E. Hubbard ex M. B. Moss 
S. woodii Hack 
Sorghum versicolor Anderss. 
Sporobolus fimbriatus Nees 
S. pyrimidalis Beauv. 
S. nitens Stent 
S. smutsii Stent 
Themeda triandra Forsk. · 
Tragus berteronianus Schult. 
Tricholaena monachne (Trin.) Stapf & 
C. E. Hubb. 
Trichoneura grandiglumis (Nees) Ekman 
Urochloa bolbodes (Steud.) Stapf 
U. mosambicensis (Hack.) Dandy 
Labiatae 
Leguminosae 
Hemizygia elloittii (Bak.') Ashby 
Hoslundia opposita Vahl 
Lasiocorys capensis Benth. 
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Leucas glabrata (Vahl) R. Br. ex Benth. 
Ocimum canum Sims 
0. simile N. E. Br. 
0. urticifolium Roth 
Acacia welwitschii Oliv. subsp. 
delagoensis (Harms) Ross & Brenan 
A. exuvialis Verdoorn 
A. nilotica (L.) Willd. ex Del. Subsp. 
kraussiana (Benth.) Brenan 
A. nigrescens Oliv. 
A. gerrardii Benth. 
A. robusta Burch. 
A. senegal (L.) Willd. var. rostrata 
Bren an 
Albizia harveyi Fourn. 
Bolusanthus speciosus (H. Bol.) Harms 
Cassia abbreviata Oliv. subsp. beareana 
(Holmes)Brenan 
C. absus L. 
C. mimosoides L. 
Colophospermum mopane (Kirk ex Benth.) 
Kirk ex J. Leon. 
Crotalaria distans Benth. 
C. sphaerocarpa Perr. ex DC. 
Dalbergia melanoxylon Guill. & Perr. 
Dichrostachys cinerea (L.) Wight & Arn. 
subsp. africana Brenan & Grummitt 
Dolichos falcifor~is E. Mey. 
lndigofera acutisepala Conrath. 
I. filipes Benth. 
I. oxalidea Welw. & Bak. 
I. rhytidocarpa Benth. 
I. schimperi Jaub & Spach. 
Lonchocarpus capassa (Klotzsch) Rolfe 
Mundulea sericea (Willd.) A. Chev. Engl. 
Ormocarpum trichocarpurn (Taub.) 
Peltophorum africanum Sond. 
Pterocarpus rotundifolius (Sand.) Druce 
Rhynchosia totta (Thunb.) DC. 
Schotia brachypetala Sand. 
S. capitat Balle 
Stylosnathes fruticosa (Retz.) Alston 
Tephrosia polystachya E. Mey. var. 
latifolia Harv. 
Vigna angustifoliolata Verde. 
Lili aceae 
Loganiaceae 
Malvaceae 
Meliaceae 
Mo 11 ug·i naceae 
Moraceae 
Olacaceae 
Oleaceae 
Palmae 
Pedaliaceae 
Polygalaceae 
Polygonaceae 
Portulacaceae 
Anthericum galpinii Bak. 
Asparagus falcatus L. 
Dipcadi gracillimum Bak. 
Eriospermum galpinii Schinz 
Trachyandra saltii (Bak.) Oberm. 
Strychnos madagascariensis Poir. 
S. pungens Solered. 
S. spi nos a Lam. 
Abutilon austro-africanum Hochr. 
Gossypium herbaceum L. 
Hibiscus cannabinus L. 
H. engleri K. Schum. 
H. kirkii Mast. 
H. lunariifolius Willd. 
H. micranthus L.f. 
H. pusillus Thunb. 
H. tri on um L. 
Pavonia buchellii (DC.) R. A. 
Sida dregei Burtt Davy 
Trichilia emetica Vahl 
Turraea obtusifolia Hochst. 
Corbichonia decumbens (Forsk.) Exell 
Ficus stuhlmannii Warb. 
F. sycomorus L. 
Ximenia americana L. 
S. caffra Sond. var. Caffra 
Jasminum fluminense Vell. 
Phoenix reclinata Jacq. 
Ceratotheca triloba (Bernh.) Hook.f. 
Dicerocaryum zanquebarium (Lour.) 
Merri 11 
Sesamum triphyllum Welw. ex Asch. 
Polygala sphenoptera Fresen. · 
168 
Oxygonum dregeanum Meisn. var. canescens 
(Sond.) R. Grah. 
Oxyponum dregeanum Meisn. var. dregeanum 
Portulaca quadrifida L. 
Talinum caffrum. (Thunb.) Eckl. & Zeyh. 
Rhamnaceae 
Rubiaceae 
Rutaceae 
Sapindaceae 
Sapotaceae 
Saxifragaceae 
Scrophulariaceae 
Solanaceae 
Stercul i aceae 
Thymelaeaceae 
Tiliaceae 
Turneraceae 
Velloziaceae 
Verbenaceae 
Violaceae 
Berchemia zeyheri (Sond.) Grubov 
Ziziphus mucronata Willd. 
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Agathisanthemum bojeri Klotzsch 
Gardenia spatulifolia Stapf & Hutch. 
Kohautia virgata (Willd. )Brem. 
Plectroniella armata (K. Schum.) Robyns 
Fagara capensis Thunb. 
F. humilis E. A. Bruce 
Cardiospermum halicacabum L. 
Pappea capensis Eckl. & Zeyh. 
Manilkara mochisia (Bak.) Dubard 
Vahlia capensis Thunb. 
Aptosimum indivisum Burch. 
Solanum incanum L. 
S. panduraeforme E. Mey. 
Dombeya rotundifolia (Hochst.) Planch. 
Hermannia boraginiflora Hook. 
Melhania prostrata DC. 
Waltheria indica L. 
Gnidia kraussiana Meisn. 
Corchorus asplenifolius Burch. 
Grewi~ bicolor Juss. 
G. flava DC. 
G. flavescens Juss. 
G. monticola Sond. 
Wormskioldia glandulifera Klotzsch 
W. schinzii Urb. 
Vellozia retinervis Bak. 
Chasanum hederaceum (Sond.) t1oldenke 
Clerodendrum ternatum Schinz 
Lantana rugosa Thunb. 
Lippia javanica (Burm. f.) Spreng 
Hybanthus enneaspermus (L.) F.v. 
Muell. var. enneaspermus 
Vitaceae 
Zygophyllaceae 
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Cissus cornifolia (Bak.) Planch 
Cyphosterrma schlechteri (Gilg & Brandt) 
Desc. ex Wild & Drumm. 
C. simulans (C. A. Sm.) Wild & Drumm. 
Rhoicissus tridentata (L.f.) Wild & 
Drumm. 
Balanites maughamii Sprague 
APPENDIX 2
APPENDIX 2 
ADDITIONAL P ANTS OCCURRING ONKEMPIANA STUDY AREA -
SPECIFIC IDENTIFICATION U CERTAIN 
Acanthaceae Justicia sp. 
Amaryllidaceae Hypoxis sp. 
Araceae Stylochiton sp. 
Euphorbiacceae Sapium sp. 
Ficoideae Gisekia sp. 
Limeum sp. 
Ge ran i aceae Oxalis sp. 
Gramineae Setaria sp. 
Labiatae Plectranthus sp. 
Lili aceae Asparagus sp . 
Sansevieria sp. 
Scilla sp. 
Urginea sp. 
Rubiaceae Pavetta sp. 
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